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ABSTRACT 


A  mathematical  model  for  predictino  the  inertial  properties  of  a  human  body  in 
various  positions  has  been  developed.  Twenty-five  standard  anthropometric  dimen¬ 
sions  are  used  in  the  model  to  predict  an  individual's  center  of  gravity,  moments 
and  products  of  inertia,  principal  moments,  and  principal  axes.  The  validity  of  the 
model  was  tested  by  comparing  its  predictions  with  experimental  data  from  66  sub¬ 
jects.  The  center  of  gravity  was  generally  predicted  within  0.7  inches  and  moments 
of  inertia  within  10  percent.  The  principal  vertical  axis  was  found  to  deviate  from 
the  longitudinal  axis  of  the  body  by  as  much  as  50  degrees,  depending  on  the  body 
position  assumed.  A  generalized  computer  program  to  calculate  the  inertial  proper¬ 
ties  of  a  subject  in  any  body  position  is  presented.  The  inertial  properties  of  five 
composite  subjects  in  each  of  31  body  positions  is  offered  as  a  design  guide.  IBM 
7094  digital  computer  programs  are  appended. 
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OF  THE  HUMAN  BODY 


i.  Introduction 


Subject 

The  subject  of  thj.s  study  is  the  inertial  properties  of  the  human 
body.  These  inertial  properties  are: 

a.  the  location  of  the  center  of  mass 

b.  the  moments  of  inertia  and  products  of  inertia  about  axes 
through  the  center  of  mass 

c.  the  principal  moments  of  inertia  about  the  principal  axes 
through  the  center  of  mass 

d.  the  orientation  of  the  principal  axes 

Center  of  gravity  is  used  interchangeably  with  center  of  mass  in  this 
study. 

Purpose 

The  purpose  of  this  study  is  to  design  a  mathematical  model  to 
predict  the  inertial  properties  of  the  human  body  in  any  fixed  body 
position  and  to  use  this  mathematical  model  to  develop  a  design  guide. 
The  design  guide  can  be  used  to  establish  preliminary  design 
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rponirinor  knnwlpHtrP  r»f  thp  inpWia'I  nronartiaa  r>f  fKo 

human  body  in  selected  body  positions. 


Without  man,  the  exploration  juid  utilization  of  space  is  meaning¬ 
less.  An  analysis  of  man's  ability  to  perform  maintenance,  supply, 
rescue,  and  operational  tasks  in  the  weightless  environment  of  space 
is  essential.  An  important  factor  in  the  performance  of  the  orbital 
worker  is  his  ability  to  move  about  at  will  from  one  position  to  another. 
Outside  a  space  vehicle,  this  mobility  can  be  provided  by  a  personal 
propulsion  device  such  as  a  Self- Maneuvering  Unit  (Ref  13:  IV-i8). 
Knowledge  of  the  inertial  properties  of  the  human  body  bi  any  body 
position  is  necessary  to  achieve  the  optimum  design  for  such  a  unit. 

Operation  of  the  thrusters  of  a  Self-Maneuvering  Unit  produces  a 
rotational  torque  if  the  thrust  vector  does  not  pass  through  the  center 
of  mass  of  the  system.  Sometimes  the  thrust  misalignment  is  caused 
by  unbalanced  thrust  from  several  nozzles  or  from  misaligned  nozzles. 
This  cai.  occur  when  translational  motion  is  commanded.  At  other 
times,  the  misaligned  thrust  is  intentional,  as  when  a  change  of  pitch, 
roll,  or  yaw  attitude  is  commanded. 

If  the  torque  is  about  a  principal  axis  of  the  system,  the  rotation 
will  be  about  tlie  principal  axis  alone.  The  principal  axes  of  a  rigid 
body  are  those  axes  through  the  center  of  mass  for  which  the  products 
of  inertia  vanish  (Ref  17:  88).  A  torque  about  a  principal  axis  produces 
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rotation  alK>ut  that  axis  alone.  A  torque  about  some  axis  other  than  a 
principal  axis  will  produce  rotation  about  more  than  one  axis.  This 
cross-coupling  effect  is  caused  by  one  or  more  of  the  products  of 
inertia  having  values  other  than  zero. 

Cross-coupling  wastes  fuel  and  makes  it  more  difficult  for  the 
stabilization  unit  to  maintain  body  attitude.  Therefore^  it  is  essential 
that  the  principal  axes  of  the  system  be  known  to  achieve  the  optimum 
design  of  a  Self- Maneuvering  Unit.  The  first  step  m  determining  tlie 
principal  axes  of  the  system  is  to  find  the  principal  axes  of  the  human 
body.  Until  now,  no  study  has  been  made  of  the  principal  axes  of  the 
human  body. 

Braune  and  Fischer  dissected  three  froT^en  cadavers  and  deter¬ 
mined  the  centers  of  gravity  and  momonts  of  inertia  of  the  various 
body  segments  (Ref  3).  Fischer  later  dissected  another  cadaver, 
increasing  the  sample  to  four  (Ref  9).  I>empster  dissected  eight 
cadavers  and  collected  similar  data  during  a  study  of  the  motion  of  the 
body  limbs  (Ref  5).  Barter  used  the  data  gathered  by  Braune,  Fischer, 
and  Dempster  to  derive  a  set  of  regression  equations  for  the  v/eight  of 
the  body  segments  (Ref  1:  6).  Swearingen  determined  the  centers  of 
gravity  of  living  subjects  in  67  different  body  positions  (Ref  29).  King 
investigated  the  locus  of  the  center  of  gravity  for  a  variety  of  body 
positions  (Ref  22).  Santschi,  Du  Bois,  and  Omoto  determined  the 
center  of  gravity  and  moments  of  inertia  of  66  living  subjects  in  eight 
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selected  body  positions  (Risf  27: 33-54). 

Whitsett  desigiied  a  mathematical  model  of  the  human  body  to 
analyze  some  dynamic  response  characteristics  of  weightless  man 
CRef  30: 2-9).  Gray  modified  Whitsett*  s  model  and  compared  the 
resi!lt8  obtained  using  his  model  with  the  available  eiqperimental  data 
O^f  12: 31-36).  Models  of  the  human  body  have  been  used  to  analyze 
self-maneuve 'ing  for  the  orbital  worker  (Ref  28: 14-18),  and  self¬ 
rotation  techniques  for  wei^tless  man  (Ref  24:  22-24).  Other  mctdels 
were  designed  to  assist  in  the  development  of  zero-gravity  propulsion 
devices  (Ref  10: 19),  and  to  analyze  the  feasibility  of  a  Self- 
Maneuverii^  Unit  for  orbital  maintenance  workers  (Raf  13:  U  31-46). 

Scope 

This  study  is  conce^med  with  a  personalized  mathematical  model 
ci  the  human  body  based  on  an  e^tperimentally  determined  distribution 
of  mass  and  the  anthropometric  data  of  the  individual  person.  It  is 
beyond  the  scope  of  tliis  study  to  consider: 

a.  the  assymetrical  location  cf  internal  organs  of  the  body 

b.  the  variation  of  the  inertial  properties  durirtg  a  change  of 
body  position  or  a  change  of  body  weight 

c.  The  variation  of  the  inertial  properties  while  the  body  is  subjected 
to  external  forces  which  displace  tissue  from  the  rest  position 

Within  these  limitations,  the  mathematical  model  will  predict  the 
inertial  properties  of  an  individiial  person  in  any  fixed  body  position. 
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Assumptions 


The  following  assumptions  have  been  made  in  the  design  of  the 
mathematical  model: 

a.  the  human  body  can  be  represented  by  a  set  of  rigid  bodies  of 
simple  geometric  ihape  and  uniform  density 

b.  the  regression  equations  for  segment  weights  are  valid  over 
the  spectrum  of  body  weight  in  the  Air  Force  population 

c.  the  limbs  move  about  fixed  pivot  points  when  the  body  changes 
position 

The  first  assumption  is  the  essence  of  an  analytical  determination 
of  the  inertial  properties  of  the  human  body  using  a  mathematical  model. 
The  validity  of  the  assumption  is  dependent  upon  the  accuracy  with 
which  the  model  reproduces  the  inertial  properties  as  determined  by 
experimental  tests. 

The  second  assumption  is  dictated  by  current  knowledge.  Although 
the  regression  equations  for  segment  weights  are  based  on  a  limited 
sample,  they  represent  the  best  source  of  information  on  the  distribu¬ 
tion  of  body  weight. 

The  last  assumption  is  made  to  simplify  the  configuration  of  the 
model.  Very  little  querttitative  information  is  available  about  the 
motion  of  the  limbs  since  the  joints  of  the  body  are  extremely  complex. 
For  simplicity,  fixed  bingo  points  are  chosen  to  represent  the  instanta¬ 
neous  centers  of  motion  for  the  limbs. 
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Developroent 


The  problem  of  designing  and  evaluating  a  mathematical  model  of 
the  human  body  is  divided  into  four  phases: 

a.  design  of  a  personalized  mathematical  model 

b.  analysis  of  tlie  model 

c.  de°;;ription  of  a  generalized  computer  program  for  calculation 
of  tlie  inertial  properties  of  any  subject  in  any  body  position 

d.  development  of  a  design  guide 

The  first  phase  is  covered  in  Chapter  IL  A  model  is  designed 
using  the  regressicr  equations  and  anthropometric  dimensions  of  the 
individual  subject.  Segment  characteristics,  length,  radii,  moments 
C/f  Inertia,  center  of  gravity,  and  hinge  point  are  defined. 

Li  the  second  {rfiase,  the  results  obtained  using  the  model  are 
compared  with  experimental  results  (Ref  27;  33-54).  The  method  of 
calculation  and  analysis  of  results,  made  with  an  IBM  7094  digital 
computer,  are  contained  in  Chsq^ter  HL 

The  third  phase  is  described  in  Chapter  IV.  A  generalized 
computer  program  is  described  which  utilizes  the  model  to  determine 
the  inertial  properties  of  any  subject  in  any  body  position. 

The  last  phase  is  the  development  of  a  design  guide  in  Chapter  V. 
Five  composite  subjects  are  defined  by  using  the  fifth,  twenty-fifth, 
fiftieth,  seventjf -fifth,  and  ninety-fifth  percentile  anthropometric 
dimensions  of  the  Air  Force  flying  population  (Ref  15: 11-76).  The 
inertial  properties  are  calculated  for  31  selected  body  positions. 
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n.  The  Model 


Introduction 

The  personalized  mathematical  model  is  made  up  of  15  simple  geo¬ 
metric  solids  numbered  as  indicated  in  Fig.  1.  Each  solid  represents 
a  segment  oi  the  body.  These  segments  are: 


1.  head 

2.  upper  torso 

3.  lower  torso 

4.  right  hand 

5.  left  hand 

6.  right  upper  arm 

7.  left  upper  arm 

8.  right  forearm 

9.  left  forearm 

10.  right  upper  leg 

11.  left  upper  leg 

12.  right  lower  leg 

13.  left  lower  leg 

14.  right  foot 

15.  left  foot 


The  dimensions  and  properties  of  the  body  segments  are  calculated 
using  the  anthropometric  dimensions  of  the  individual  subject.  Thiis, 
the  model  is  truly  personalized.  These  dimensions  and  properties  are 
assigned  brief  symbols  which  will  appear  throughout  this  paper  in 
capital  letters.  Stature  is  referred  to  as  ffTAT.  These  symbols  and 
their  unHs  are  defined  in  Appendix  B.  When  more  than  one  segment  can 
share  the  same  symbol,  the  segment  is  identified  by  a  subscript  of  the 
symbol.  The  segment  weight  of  the  lower  torso  is  SW(3).  The 
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subscripts  correspond  to  the  segment  numbers  in  Fig.  1.  The  use  of 
symbols  and  subscripts  is  in  accordanct  with  IBM  FORTRAN  pro~ 
gramming  practice  (Ref  19).  Inertial  properties  of  the  individual 
segments  are  calculated  with  respect  to  the  center  of  mass  of  the  seg¬ 
ment.  The  coordinate  system  used  is  a  ri^t-handed  Cartesian 
coordinate  system  whose  origin  is  at  the  center  of  mass  of  the  segment. 
The  orientation  of  the  axes  of  these  coordinate  systems  is  shown  in  the 
individual  figures  describing  each  segment.  These  figures  are  adja¬ 
cent  to  tlie  text  describing  the  individual  segment. 

Body  motion  is  restricted  to  motion  of  the  arms  and  legs.  The 
major  consideration  has  been  toward  applications  concerning  manned 
operations  in  space  where  the  limited  mobility  of  a  full  pressure  suit 
restricts  motion  of  the  head,  upper  torso,  and  lower  torso.  This 
does  not  affect  the  validity  of  the  model,  li  mobility  of  these  segments 
is  desired,  the  computer  programs  can  easily  be  modified  to  provide 
this  mobility. 

Anthropometric  Dimensions 

The  anthropometric  dimensions  used  in  the  design  of  the  model 
were  selected  from  those  taken  in  the  experimental  study  (Ref  27: 14). 

A  total  of  25  dimensions  are  needed  to  define  the  parameters  of  the 
model.  These  dimensions  and  the  symbols  used  for  them  in  the  com¬ 
puter  programs  are  listed  in  Table  I.  All  dimensions  are  taken  with 
standard  anthropometric  instruments  in  accordance  with  the  descriptions 
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TABLE  I 


Anthropometric  Dimensions 


Symbol 

Dimension 

ANKC 

Ankle  Circumference 

AXILC 

Axillary  Arm  Circumference 

BUTTD 

Buttock  Depth 

CHE33 

Chest  Brea^i 

CHESD 

Chest  Depth 

ELBC 

Elbow  Circumference 

FKTC 

Fist  Circumference 

FOARL 

Forearm  Length  (Lower  Arm  Leiigth) 

FOOTL 

Foot  Length 

GKNEC 

Knee  Circumference 

HE  ADC 

Head  Circumference 

HIPB 

Hip  Breadth 

SHLDH 

Shoulder  Height  (Acromial  Height) 

SITF 

Sitting  Height 

SPHYH 

%)hyrion  Height 

STAT 

Stature 

SUBH 

Substernale  Height 

THHIC 

Thigh  Circumference 

TIBH 

Tibiale  Height 

TROCH 

Trochanteric  Height 

UPARL 

Upper  Arm  Length 

W 

Weight 

WALSB 

Waist  Breadth 

WAISD 

Waist  Depth 

WRISC 

Wrist  Circumference 
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in  Appendix  A. 


Regression  Equations 

The  weight  distribution  among  the  segments  of  the  model  is  deter¬ 
mined  by  the  regression  equations  devised  by  Barter  (Ref  1:  6).  The 
symbols  used  in  the  equations  and  their  units  are  defined  :  i  Appendix 
B,  The  regression  equations  are: 


HNT 

= 

.47  W  + 

12.0 

Ca) 

BUA 

= 

.08  W  - 

2.9 

(lb) 

BFO 

= 

.04  W  - 

0.5 

(Ic) 

BH 

= 

.01  W  + 

0.7 

(Id) 

BUL 

= 

.18  W  + 

3.2 

(le) 

BLL 

= 

.11  W  - 

1.9 

(If) 

BF 

= 

.02  W  + 

1.5 

(Ig) 

The  calculated  weight  represented  by  the  sum  of  these  equations 
does  not  always  equal  the  input  body  weight.  To  compensate  for  this 
small  deviation,  the  difference  is  determined  and  then  distributed  pro¬ 
portionally  over  the  segments.  The  calculated  weight  then  is  exactly 
equal  to  the  input  weight. 

The  per  cent  of  body  weight  represented  by  each  of  the  terms  on  the 
left  side  of  Eq  (1)  is  shown  in  F  g.  2  for  body  weights  from  120  to  240 
lb.  The  curves  in  Fig.  2  are  based  on  the  corrected  segment  weights. 
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HNT  BH  BUA  BFO 


Head 


The  head  of  the  mooel  is  a  right  circular  ellipsoid  of  revolution  as 
shown  in  Fig.  3.  The  cross  section  is  a  circle  when  the  cutting  plane 
is  parallel  to  the  X-Y  plane  and  an  ellipse  when  the  cutting  plane  is 
perpendicular  to  the  X-Y  plane.  The  dimensions  and  properties  of  the 
head  are: 


R  =  .  5  (  STAT  -  SHLDH  > 

(2a) 

RR  =  HEADC 

(2b) 

2  PI 

SL  =  (  STAT  -  SHLDH  ) 

(2c) 

ETA=  .5 

(2d) 

SW  =  .079  W 

(2e) 
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SM  =  SW/32. 2 

(21) 

DELTA  =  SW 

4  R  tiiR;* 

(2g) 

SDCX  =  .  2  SM  (  (R)2  +  (RR)2  ) 

(2h) 

SIYY=  SDCX 

(21) 

SIZZ  =  .4  SM  (RR}2 

(2J) 

Upper  Torso 

The  upper  torso  of  the  model  is  a  right  elliptical  cylinder  as  shown 
in  Fig.  4.  The  cross  section  is  an  ellipse  when  the  cutting  plane  is 
parallel  to  the  X-Y  plane.  The  total  torso  weight  is  obtained  by  sub¬ 
tracting  the  weight  of  the  head,  SW(1),  from  the  weight  of  the  head, 
neck,  and  trunk.  The  weight  of  the  upper  torso  is  calculated  by  splitting 


FIG.  4 

UPPER  TORSO  OF  MODEL 
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the  total  torso  weight  between  the  upper  and  lower  torso  according  to  the 
ratio  of  the  densities  of  the  two  segaients  (Ref  5: 195).  The  dimensions 


and  properties  of  the  upper  torso  are; 

R=  ,5CHESB  (3a) 

RR  =  .  25  (  CHESD  +  WAISD  )  (3b) 

SL  =  SHLDH  -  SUBH  (3c) 

ETA=  .5  (3d) 

V2  =  v?>per  torso  volume  =  PI  R  RR  SL  (5e) 

=  lower  torso  volume  (3f) 

DEL.  \  =  HNT  -  SW(1)  (3g) 

V2  +  Ufl  V3 
.92 

SW  •=  DELTA  V2  (3h^ 

SM=  SW/32.2  (3i) 

SDOC  =  SM  (  3(R)2  +  (SL)2  )  (3j) 

SIYY  =  SM  (  3(RR)2  +  (SL)2  )  (3k) 

SIZZ  =  SM  (  (R)2  +  (RR)2  )  (31) 

Lower  Torso 


The  lower  torso  of  the  model  is  a  right  elliptical  cylind«?r  as  shown 
in  Fig,  5.  The  cross  section  is  an  ellipse  when  tlie  cutting  plane  is 
parallel  to  the  X-Y  plane.  The  dimensions  and  p:.*operties  of  the  lower 
torso  are: 


R  =  .  5  HIPB 


(4a) 
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RG.  5 

LOWER  TORSO  OF  MODEL 


RR  =  .  25  (  WAISD  +  BUTTD  )  (4b) 

SL  =  STTH  -  (  S'rAT  -  SUBH  )  (4c) 

£TA=  .5  (4d) 

V3  =  lower  torso  volume  =  PI  R  RR  SL  (4e) 

SW  HNT  -  SW(1)  -  SW(2)  (4f) 

SM=  SW/32.2  (4g) 

DELTA  SW  (4h) 

PI  R  PJl  SL 

SDQC  =  SM  (  3(R)2  +  (SL)^  )  (4i) 

SIYY  =  SM  (  3CRR)2  +  (SL)2  )  (4j) 

SIZZ  =  SM  (  (R)2  +  (RR)2  )  (4k) 
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Hand 

The  hand  of  the  model  is  a  sphere  as  shown  in  Fig.  6.  The  dimen 
sicns  and  properties  of  the  hand  are; 


R  =  FISTC 

(5a) 

2  PI 

RR=  R 

(5b) 

SL  =  2R 

(5c) 

ETA=  .5 

(5d) 

SW  =  .  5  BH 

(5e) 

SM=  SW/32.2 

(5f) 

DELTA  =  3  SW 

4  PllRr 

SEKX  =  .4  SM  (R)2 


(5g) 

(5h) 


SIYY=  SDQC 


(51) 


SIZZ  =  SKX 


Upper  Arm 

The  upper  arm  Is  a  frustum  of  a  right  circular  cone  as  shown  in 
Fig.  7.  The  cross  sect!  Jn  is  a  circle  when  the  cutting  plane  is  parallel 
tc  the  X-Y  plane.  The  dimensiona  and  properties  of  the  upper  arm  are: 


R  =  AXnX  (6a) 

2  PI 

RR  =  EUiC  C6I>) 

2  PI 

SL  =  UPARL  (6c) 

SW  =  .  5  3UA  (6d) 
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SM  =  SW/32.  2 


(6e) 


Since  the  upper  arm  raid  the  remaining  segments  of  the  moael  are  frusta 
of  right  circular  cones,  the  properties  of  each  are  described  together  in 
a  later  section. 

Forearm 

The  forearm  of  the  model  is  a  frustum  of  a  right  circular  cone  as 
shown  in  Fig.  8.  The  cross  section  is  a  circle  when  the  cutting  plane  is 
parallel  to  the  X-Y  plane.  The  dimensions  and  properties  of  the  fore¬ 
arm  are: 


R=  EL13C 


(7a) 


z 

FIG.  8 

FOREARM  OF  MODEL 
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C?b) 


RR=  WRISC 
2  PI 

SL  =  FOARL  (7c) 

SW  =  .5  BFO  C7d) 

SM=  SW/32.2  C7e) 

The  upper  leg  of  the  model  is  a  frustum  of  a  right  circular  cone  as 
shown  in  Fig.  9.  The  cross  section  is  a  circle  when  the  cutting  plane  is 
parallel  to  the  X-Y  plane.  The  dimensions  and  properties  of  the  upper 
leg  are: 


R  =  THmC 
2  PI 


(8a) 
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RR=  GKNEC 

(8b) 

2  PI 

SL  =  ST  AT  -  SITH  -  TIBH 

(8c) 

DELSH  =  SITH  -  (  STAT  -  TROCH  ) 

(8d) 

SW  =  .  5  BUL 

(8e) 

SM=  SW/32.2 

(8f) 

Lower  Leg 

The  lower  leg  of  the  model  is  a  frustum  of  a  right  circular  cone  as 
shown  in  Fig.  10.  The  cross  section  is  a  circle  when  the  cutting  plane 
is  parallel  to  the  X-Y  plane.  The  dimensions  and  properties  of  tlie 
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lower  leg  are: 


(9a) 


R=  GKHEC 

2  PI 

RR  =  ANKC 

2  PI 

SL  =  TIBH  -  SPHYH 
SW  =  .  5  BLL 
SM=  SW/32.2 


(9b) 

(9c) 

(9d) 

(9e) 


Foot 

The  foot  of  the  model  is  a 
shown  in  Fig.  cross 

Is  paraUel  to  the  X-Y  plane. 


frustum  of  a  right  circular  cone  as 
section  is  a  circle  when  the  cutting  plane 
The  dimensions  and  properties  of  the 


foot  are: 


R  =  . 5  SPHYH 

(lOa) 

SL  =  FOOTL 

(lOb) 

ETA=  .429 

(lOc) 

SW  =  .5  BF 

(tOd) 

SM=  SW/32.2 

(lOe) 

The  small  radius,  RR,  is  such  that  the  center  of  gravity  of  the  foot  is 
located  at  a  distance  of  .  429  SL  from  the  larger  end. 

Conical  Segment  Properties 

The  upper  arms,  forearms,  upper  legs,  lower  legs,  and  feet  are 
frusta  of  right  circular  conca.  These  segments  have  properties  given 
by  a  common  set  of  formulae: 


nEI/TA  =  3  SW 

SL  (  (R)2  +  R  (RR)  +  (RR)2  )  PI 

(lla) 

MU  =  M  =  RR/R 

(lib) 

SIGMA  =  a  =  1  +  M  + 

(lie) 

ETA  =  1  +  2ii  +  3ii2 

4<J 

(lid) 

AA  =  9  1  u2  ^  ^3  ^  ^4 

20  PI  a2 

(lie) 

BB  =  3  1  +  4u  +  10u2  +  4ii3  ^  ^4 

80  ^ 

(111) 

SKX  =  AA  (SM)^  +  BB  SM  (SL)^ 

DELTA  SL 

dig) 
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STYY^  8KX 


(Uh) 

(Hi) 


SIZZ  =  2  AA  (SM)^ 

DELTA  5L 

Detailed  derivation  of  these  formulae  is  presented  in  Appendix  C. 

Hinge  Points  and  Sockets 

The  model  has  articulated  extremities.  Each  of  the  moveable  seg¬ 
ments  moves  about  an  instantaneous  center  of  motion  defined  by  a  hinge 
point  and  a  socket.  The  hinge  point  is  in  the  moving  segment  or  attached 
to  it  by  a  massless  extension.  The  socket  is  in  the  adjacent  segment  or 
attached  to  it  by  a  massless  extension.  The  hinge  point  acts  like  a  ball 
joint,  moving  within  the  socket. 

The  hinge  point  of  the  hand  is  indicated  in  Fig.  6.  The  socket  for 
the  hand  hinge  point  is  located  at  the  lower  end  of  the  forearm,  on  the 
center  line,  where  the  radius  of  the  cross  section  is  RR. 

The  hinge  point  of  the  upper  arm  is  indicated  in  Fig.  7.  The  socket 
for  the  iq^r  arm  hinge  point  is  external  to  the  upper  torso  in  the  Y-Z 
plane  of  the  upper  torso.  It  is  located  at  a  distance,  R(6),  from  the  top 
of  the.uqi^r  torso  and  at  the  same  distance  from  the  side  of  the  upper 
torso. 

The  hinge  point  of  the  forearm  is  indicated  in  Fig.  8.  The  socket 
for  the  forearm  hinge  point  is  located  at  the  lower  end  of  the  iqpper  arm, 
on  the  center  line,  where  the  radius  of  the  cross  section  is  RR. 

The  hinge  point  of  the  iqiper  leg  is  indicated  in  Fig.  9.  The  socket 
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for  the  upper  leg  hinge  point  is  internal  to  the  lower  torso  in  the  Y-Z 
plane  of  the  lower  torso.  It  is  located  at  a  distance,  DELSH,  from  the 
bottom  of  the  lower  torso,  and  at  a  distance,  R(10),  from  the  side  of 
the  lower  torso. 

The  hinge  point  of  the  lower  leg  is  indicated  in  Fig.  10.  The 
socket  for  the  lower  leg  hinge  point  is  located  at  the  lower  end  of  the 
upper  leg,  on  the  center  line,  where  the  radius  of  the  cross  section  is 
RR. 

The  hinge  point  of  the  foot  is  indicated  iii  Fig.  11.  The  socket  for 
the  foot  hinge  point  is  located  at  the  lower  end  of  the  lower  leg,  on  the 
center  line,  where  the  radius  of  the  cross  section  is  RR. 

Euler  Angles 

Body  position  is  described  by  specifying  two  Euler  angles  for  each 
of  the  moveable  segments  of  the  body.  No  Euler  angles  are  needed  for 
the  ht^ad,  upper  torso,  and  lower  torso  since  these  segments  are  not 
allowed  to  move.  Two  Euler  angles  are  sufficient  because  the  moveable 
segments  are  volumes  of  revolution  and  are  therefore  symmetrical 
about  their  longitudinal  axis.  The  two  angles,  elevation  and  azimuth, 
define  the  orientation  of  the  segments  with  respect  to  the  torso.  The 
sense  of  these  angles  is  shown  in  Fig.  12.  The  elevation  angle, 
THETA(1, 1),  varies  from  0  to  180  degrees.  The  azimuth  angle, 
THETA(1, 2),  varies  from  0  to  360  degrees.  These  migles  determine 
the  transformation  matrix  which  relates  the  local  coordinate  system  of 
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RIGHT 


FIG.  12 

EULER  ANGLES 


X 


each  segment  to  the  body  coordinate  system  at  the  center  of  mass  of 
the  body. 

Siimmarv 

The  personalized  mathematical  model  is  made  up  of  15  simple  geo¬ 
metric  solids.  The  dimensions  and  properties  of  the  body  segments  are 
calculated  using  the  anthropometric  dimensions  of  the  individual  subject. 
The  weight  distribution  among  the  segments  of  the  model  is  determined 
by  regression  equations  based  on  experimental  results.  The  model  has 
articulated  extremities,  allowing  these  segments  full  range  of  movement. 
Body  position  is  described  by  a  pair  of  Euler  angles  for  each  of  the 
moveable  segments. 
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ni.  Analysis  of  Moocl 


Introduction 

The  essence  of  an  analytical  determination  of  the  inertial  properties 
of  the  human  body  using  a  mathematical  model  is  the  assumption  that 
the  hiunan  body  can  be  represented  by  a  set  of  rigid  bodies  of  simple  geo¬ 
metric  shape  and  uniform  density.  The  properties  and  parameters  of 
the  model  were  explained  in  Chapter  n.  Proof  of  the  validity  of  the 
assumption  lies  in  an  analysis  of  the  results  achieved  with  the  mathe¬ 
matical  model  compared  to  experimental  data. 

The  experimental  data,  with  which  the  mathematical  model  results 
are  compared,  was  collected  by  North  American  Aviation  under  contract 
from  the  6570th  Aerospace  Medical  Research  Laboratories.  addition, 
a  second  study  conducted  imder  another  contract  to  North  American 
Aviation  provides  data  for  a  supplementary  comparison  of  results. 

The  analysis  of  the  model  is  divided  into  six  st  ctions: 

a.  N.  A.  A.  body  positions 

b.  N.  A.  A.  axes 

c.  N.  A.  A.  data 

d.  computer  program  MODEL 

e.  comparison  of  results 

f.  supplementary  comparison  of  results 
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4.  SITTING 


7.  MERCURY 
CONFIGURATION 


&  SITTING,  FOREARMS 
DOWN 


6.  SITTING,  THIGHS 
ELEVATED 


FIG.  13 

BvODY  POSITIONS  FOR  N.A.A.  STUDY 


(FROM  REF  27:9} 


N.  A.  A.  Body  Positions 


The  eight  body  positions  used  by  North  Americai'  Aviation  in  the 
e:q;6rimemai  study  are  shown  in  Fig.  13.  A  complete  description  of 
the  positions  is  contained  in  Appendix  D  (Ref  27:  8).  Position  six,  sit¬ 
ting  with  thighs  elevated,  in  a  difficult  position  for  a  subject  to  assume. 
The  buttocks  tend  to  move  forward,  away  from  the  back  plane,  as  the 
legs  are  raised,  and  tlie  lower  pait  of  the  spine  follows  tlas  motion  by 
curving  forward.  It  is  doubtful  that  this  position  has  a  very  high  degree 
of  reproducibility  or  accuracy.  Position  eight,  the  relaxed  position, 
is  not  adequately  defined  for  use  in  an  analytical  study.  The  relation¬ 
ship  between  the  upper  arm  and  the  forearm  is  not  completely 
described,  hence  th<e  position  can  not  be  considered  in  this  study. 

N.  A.  A.  Axes 

The  axis  system  selected  by  North  American  Aviation  is  a  right- 
handed  Cartesian  coordinate  system.  The  axes  are  shown  in  Fig.  14. 
This  system  is  similar  to  the  coordinate  system  generally  used  in  air¬ 
craft  stability  and  control  analysis.  The  X  location  of  the  center  of 
gravity,  XNAA,  is  measured  along  the  X-axis  from  the  back  plane 
(Ref  27:  7).  The  Y  location  of  the  center  of  gravity,  YNAA,  is 
measured  along  the  Z-axis  from  the  top  of  the  head.  Center  of  gravity 
calculations  for  the  model  are  made  in  this  coordinate  system  to 
simplify  comparifion  of  results  between  the  model  and  the  experimental 
data. 
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FIG.  14 


N.A.A.  AXES 


N  A.  A.  Data 

The  North  American  Aviation  study  contains  data  on  the  centers  of 
gravity  and  moments  of  inertia  of  C6  subjects  in  the  8  body  positions. 
Fifty  anthropometric  dimensions  of  each  subject  are  included.  A  total 
of  6468  data  bits  are  presented  (Ref  27:  33-54).  Only  25  of  the  anthro¬ 
pometric  dimensions  of  each  subject  are  required  to  design  the 
peisonalized  mathematical  model  of  each  subject. 

One  of  the  measurements,  BIACD,  was  not  taken  correctly  and  can 
not  be  used.  Several  individual  errors  in  measurement  or  recording  are 
apparent  upon  close  examination  of  the  data.  Discovery  of  these  errors 
made  it  advisable  to  check  the  remaining  data  thoroughly  before  using  it 
to  evaluate  the  accuracy  of  the  matheraaticsd  model.  The  center  of 
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gravity  and  moment  of  inertia  data  were  analyzed  by  a  special  computer 
program.  Compatibility  of  the  data  bits  was  checked  by  a  series  of  60 
comparison  tests.  A  total  of  3960  individual  comparisons  were  made 
and  18  failures  were  noted.  The  measurement  and  compatibility 
failures  are  recorded  for  permanent  reference. 

Computer  Program  MODEL 

The  analysis  of  the  mathematical  model  is  accomplished  by  an  IBM 
7094  digital  computer  program,  MODEL.  This  original  program  uses 
the  design  of  the  mathematical  model  to  calculate  the  inertial  properties 
of  the  66  subjects  in  7  body  positions.  Seventeen  major  designs  and 
innumerable  minor  design  modifications  were  tried  during  development 
of  the  final  design  of  the  mathematical  model.  The  computer  program 
is  written  in  FORTRAN  II  language  (Ref  18  and  19),  but  it  has  also  been 
translated  into  FORTRAN  IV  language  (Ref  20  and  21).  A  listing  of  the 
program  in  FORTRAN  n  is  given  in  .^pendix  E.  MODEL  consists  of  a 
main  program  and  seven  subroutines.  The  main  program  controls  the 
flow  of  information  and  logic.  Each  subroutine  performs  a  step  in 
determining  the  inertial  properties  or  in  comparing  the  results  with  the 
experimental  data. 

Main  Program.  The  main  program  reads  into  the  computer  memory 
the  input  data  for  the  subjects,  one  at  a  time.  The  subroutines  are 
called  in  the  proper  order  to  calculate  the  inertial  properties  for  the 
seven  positions,  in  sequence.  This  process  is  repeated  imtil  the 
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calculations  have  been  made  for  all  66  subjects.  An  analysis  of  the 
results  is  then  performed  by  SUBROUTINE  ANALYZ. 

SUBROUTINE  DESIGN  Total  body  weight  is  distributed  among  the 
body  segments  by  the  regression  equations.  The  segment  dimensions 
are  calculated  using  the  anthropometric  dimensions.  Segment  center  of 
gravity  and  moments  of  inertia  are  determined.  Hinge  points  for  the 
upper  arms  and  upper  legs  are  established.  When  executicu  of  the 
subroutine  is  completed,  control  is  returned  to  the  main  program. 

SUBROUTINE  EULER.  Euler  angles  of  the  moveable  segments  are 
defined  for  the  body  position  being  considered.  The  sine  and  cosine  of 
these  angles  are  calculated.  When  execution  of  the  subroutiiie  is  com¬ 
pleted,  control  is  returned  to  the  main  program. 

SUBROUTINE  MODMOM.  Matrix  methods  are  used  to  determine 
the  location  of  the  center  of  gravity  of  the  body  in  the  position  being 
considered  (Ref  26).  Similarly,  the  moments  and  products  of  inertia, 
which  form  the  Inertia  tensor,  are  calculated.  The  numerical  differ¬ 
ences  and  percentage  differences  between  the  esqperimental  data  and  the 
calculated  values  are  determined.  These  errors  are  arranged  in  an 
array  for  analysis  fay  SUBROUTINE  ANALYZ.  SUBROUTINE  EMMPY 
is  called  to  perform  matrix  multiplication.  SUBROUTINE  EIGEN  is 
called  to  calculate  the  principal  moments  of  inertia,  and  to  determine 
the  orientation  of  the  principal  axes.  When  execution  of  the  subroutine 
is  completed,  control  is  returned  to  the  main  program. 
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SUBROUTINE  HMMPY.  This  subroutine  is  a  modification  of  a 


standard  matrix  multiplication  subroutine.  Two  matrices  of  three 
rows  and  three  columns  each  are  multiplied  together.  The  result  of 
this  multiplication  is  returned  to  the  routine  which  called  SUBROUTINE 
HMMPY. 

SUBROUTINE  EIGEN.  This  subroutine  is  a  modification  of  a 
special  subroutine  written  by  Mr.  H.  E.  Petersen,  Analysis  Branch, 
Digital  Computation  Division,  Research  and  Technology  Division, 
Wright- Patterson  Air  Force  Base,  Ohio.  The  subroutine  diagonalizes 
any  real,  symmetric  matrix  using  the  Jacoby  method.  The  computa¬ 
tion  procedure  is  similar  to  that  devised  by  Householder  (Ref  16:  23-27). 
The  eigenvalues  and  eigenvectors  are  calculated  by  making  successive 
orthogonal  transformations  to  reduce  the  off-diagonal  terms  to  zero. 

The  eigenvalues  o*  the  inertia  tensor,  which  is  a  real,  symmetric 
matrix,  are  the  principal  moments  of  inertia.  The  eigenvectors  are  the 
direction  cosines  of  the  principal  axes. 

The  seven  positions  described  in  SUBROUTINE  EULER  have  a  plane 
of  symmetry  in  the  X-Z  plane.  The  products  of  inertia,  Ij^  and  ly^, 
are  both  zero  and  the  orientation  of  the  principal  axes  is  described  by 
the  angle,  PSI,  whose  positive  sense  is  indicated  in  Fig.  15.  The 
principal  axes,  X*Y*Z*,  are  related  to  the  body  axes,  XYZ,  by  the 
angle  PSI.  In  positions  1,  2,  and  3  the  Y-Z  plane  is  also  a  plane  of 
symmetry.  In  this  case,  the  remaining  product  of  inertia,  Ix^,  is  also 
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zero,  the  moments  of  inertia  already  calculated  are  the  principal 
moments,  and  the  body  axes  are  the  principal  axes.  When  execution  of 
the  subroutine  is  completed,  control  is  returned  to  SUBROUTINE 
MODMOM. 

SUBROUTINE  OUTPUT.  £3q)erimental  data,  calculated  values, 
numerical  differences,  percentage  differences,  principal  moments, 
and  direction  angles  of  the  principal  axes  are  written  on  the  normal 
output  tape.  Anthropometric  dimensions,  segment  dimensions,  and 
segment  properties  are  written  on  another  output  tape,  called  the 
master  tape.  Output  control  parameters  allow  the  user  to  select  both, 
either,  or  neither  of  these  two  '^ets  of  output  data.  When  the  execution 
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of  the  subroutine  is  completed,  control  is  returned  to  the  main  pro¬ 
gram. 

SUBROUTINE  ANALYZ,  The  error  array  constructed  in  SUB¬ 
ROUTINE  MODMOM  is  systematically  scanned  to  produce  a  numerical 
histogram  suitable  for  error  analysis.  The  medians  and  averages  are 
calculated.  The  histogram,  the  medians,  and  the  averages  are 
written  on  the  normal  output  tape.  When  execution  of  the  subroutine 
is  completed,  control  is  returned  to  the  main  program. 

Comparison  of  Results 

The  results  obtained  using  the  mathematical  model  can  be  com.- 
pared  with  the  experimental  data  in  these  categories: 

a.  anthropologic  parameters 

b.  center  of  gravity 

c.  moment  of  inertia  about  X-axis 

d.  moment  of  inertia  about  Y-axis 

e.  moment  of  inertia  about  Z-axis 

Anthropologic  Parameters.  Two  anthropologic  parameters  can  be 
used  as  figures  of  merit  for  the  mathematical  model.  They  are  the 
segment  center  of  gravity  location  and  the  segment  specific  gravity, 

A  comparison  of  the  segment  center  of  gravity  results  for  the  66 
subjects  is  presented  in  Table  n.  The  center  of  gravity  location  is 
expressed  in  per  cent  of  segment  length.  The  high,  low,  and  average 
values  for  the  model  are  shown  with  the  experimental  value  obtained  by 
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TABLE  II 

LOCATION  OF  CENTER  OF  GRAVITY* 


BODY  SEGMENT 

MODEL 

EXPERIMENT* 

HIGH 

LOW 

AVE 

HEAD  AND  TORSO 

73.2 

61.3 

64.5 

60.4 

UPPER  ARM 

49.6 

44.6 

47.3 

43.6 

FOREARM 

45.0 

39.8 

4^8 

43.0 

UPPER  LEG 

45.3 

42.0 

43.7 

43.3 

LOWER  LEG 

47.6 

39.8 

41.6 

43.3 

*  DISTANCE  FROM  UPPER  END  IN  %  OF  SEGMENT  LENGTH 
2 

FROM  REF  5:194 
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d.ssection  of  cadavers  (Ref  5: 194).  No  experimental  data  is  available 
for  the  head,  upper  torso,  or  hand  in  the  closed  position.  The  foot  is 
not  included  because  the  experimental  value  was  used  as  an  input  in 
the  design  of  the  model.  This  was  necessary  to  overcome  a 
deficiency  in  anthropometric  data  for  the  foot  in  comparison  with  the 
data  available  for  the  other  segments.  The  locations  of  the  center  of 
gravity  of  the  segments  represented  by  frusta  of  right  circular  cones 
are  dependent  solely  on  the  geometry  of  the  segment.  The  very  small 
deviation  betw'een  the  model  and  the  experimental  results  indicates 
that  the  shape  and  size  of  these  segments  approximate  the  body  seg¬ 
ment  very  well.  The  center  of  gravity  of  the  head  and  torso  combined 
is  dependent  mainly  on  the  distribution  of  weight  between  the  head  and 
the  torso.  The  results  for  the  combination  are  very  good  in  view  of 
the  fact  that  this  parameter  is  difficult  to  determine  experimentally. 

The  second  figure  of  merit  is  the  segment  specific  gravity.  A 
comparison  of  the  segment  specific  gravity  results  for  the  66  subjects 
is  presented  in  Table  m.  Tlie  specific  gravity  reflects  the  effect  of 
the  weight  distribution  from  the  regression  equations  and  the  size  of 
the  model  segments.  The  segments  which  show  the  greatest  deviation 
from  the  experimental  data  are  the  hand  a.nd  the  foot.  These  two  seg¬ 
ments  are  the  weak  segments  of  the  model  since  the  information  used 
in  their  design  is  not  as  extensive  as  that  used  in  the  design  of  the 
other  segments. 

The  average  results  are  within  approximately  ten  per  cent  of  the 
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TABLE  III 

SPECIFIC  GRAVITY 
OF  BODY  SEGMENTS 


BODY  SEGMENT 

MODEL 

experiment' 

HIGH 

LOW 

AVE. 

HEAD 

1.47 

.90 

1.15 

l.ll 

UPPER  TORSO 

1.00 

.72 

.84 

.92 

LOWER  TORSO 

I.IO 

.80 

92 

I.OI 

HAND 

1.72 

1.02 

CM 

4 

1.17 

UPPER  ARM 

1.22 

.79 

.97 

1.07 

FOREARM 

1.56 

1.04 

1.13 

UPPER  LEG 

1.32 

.88 

1.13 

1.05 

LOWER  LEG 

1.44 

.83 

1.19 

1.09 

FOOT 

2.14 

1.12 

1.62 

1.09 

'from  ref  5:199-196 


experimental  data.  This  is  exceptionally  good  considering  the  number 
of  parameterjs  involved  in  the  calculations  and  the  assumptions  ot 
simple  geometric  shape  and  uniform  density.  The  effect  'jf  irregularity 
of  segment  shapes,  such  as  in  th.^  biceps,  calves,  and  knees,  can  not 
be  duplicated  by  a  geometric  solid  of  revolution  which  has  a  straight 
line  as  generatrix. 

The  larger  error  in  the  hand  and  foot  does  not  aliect  the  other 
calculations  appreciably.  The  error  is  in  the  calculated  segment 
volume  which  affects  only  the  local  moments  of  inertia.  The  contribu- 
tit  n  made  by  the  local  moments  of  inertia  of  the  hand  and  foot  is  very 
small  in  comparison  to  the  total  moments  of  inertia  of  the  body.  It 
can  be  shown  that  the  predominant  factors  in  the  body  moments  of 
inertia  are  the  parallel  axis  transfer  terms. 

Center  of  Gravity.  The  comparison  of  center  -^f  gravity  results 
can  be  divided  into  two  sections.  The  North  American  Aviation  study 
did  not  determine  the  Y  location  of  the  center  of  gravity  by  e3q)eriment, 
so  only  the  X  location  and  the  Z  location  need  be  discussed.  The  error 
distribution  for  the  seven  positions  is  shown  in  Fig.  16.  The  median 
of  the  errors  and  the  two  quartile  points  are  marked.  Fifty  per  cent 
of  the  errors  fall  between  the  quartile  points,  by  definition. 

The  X  location  of  the  center  of  gravity  for  position  one  is 
determined  by  a  least  squares  curve  fit  of  the  experimental  data 
based  on  WAISD  as  the  independent  variable.  This  is  necessary 
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C.6.  ERROR  IN  TENTHS  OF  INCHES,  MOMENT  OF  INERTIA 
ERROR  IN  %  OF  EXPERIMENTAL  VALUE 


FIG.  16 

ERROR  DISTRIBUTION  (66  SUBJECTS) 


because  no  information  is  available  to  locate  the  back  plane  with 
respect  to  an  anthropometric  landmark  used  in  the  study.  Polynomials 
of  degree  1  through  3  2  were  tried  and  the  first  order  equation  proved 
to  be  the  best.  The  X  location  for  the  remaining  positions  is  calculated 
by  perturbation  techniques  with  respect  to  the  standing  position. 

Examination  of  Uie  calculated  results  and  the  pictures  of  the 
ejqierimental  apparatus  (Ref  27: 17-20)  reveal  that  the  subjects  were 
not  restrained  properly  in  position  number  three.  The  arms  were 
secured  against  the  back  plane  instead  of  having  the  wrist  axes 
parallel  to  the  Y-Z  plane,  as  prescribed  in  the  description  of  the 
position.  This  causes  the  values  predicted  by  the  mout*  lo  be  larger 
than  the  experimental  data.  This  effect  is  evident  in  Fig.  i6.  The 
observation  made  earlier,  about  th  e  difficulty  of  attaining  pot  ition 
number  six  with  a  high  degree  of  reproducibility  or  accuracy,  is 
borne  out  by  the  results.  The  model  conforms  to  the  position  exactly, 
but  a  human  subject  can  not  do  so.  The  effect  is  that  the  predict 
values  are  smaller  than  the  experimental  data.  This  can  be  seen  in 
Fig.  16,  Other  than  these  discrepancies,  one  half  of  the  predictet I 
values  generally  falls  within  five  tenths  of  an  inch  of  the  experimei  tal 
data. 

The  Z  location  of  the  center  of  gravity  is  predicted  by  the  mod  ?! 
very  well.  No  significant  discrepancies  appear  in  the  results.  One 
half  of  the  predicted  values  generally  falls  within  seven  tenths  of  ajj 
inch  of  the  experimental  data. 
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Moment  cjf  Inertia  About  X-axis.  The  error  distribution  of  Ijjx  Is 


shown  ii*  Fig.  16.  The  median  of  the  errors  and  the  quartile  points 
are  irarked.  No  significant  discrepancies  can  be  discerned  from  the 
results.  One  half  of  the  predicted  values  generally  falls  within  10  per 
cent  of  the  experimental  data. 

Moment  of  Inertia  About  Y-axis.  The  error  distribution  of  lyy  is 
shown  in  Fig.  16.  The  median  of  the  errors  and  the  quartile  points  are 
marked.  The  effect  of  the  error  in  predicting  the  X  location  of  the 
center  of  gravity  in  position  six  is  evident.  The  smaller  predicted 
value  for  the  X  location  of  the  center  of  gravity  lowers  the  moment  of 
inertia  about  the  Y-axis.  This  makes  lyy  smaller  than  the  experimental 
data.  Other  than  this  discrepancy,  one  half  of  the  predicted  values 
falls  within  10  per  cent  of  the  e7q)erimental  data. 

Moment  jof  Inertia  About  Z-axis.  The  error  distribution  of  Is 
shown  in  Fig,  16.  The  median  of  the  errors  and  the  quartile  points  are 
marked.  The  effect  of  the  error  in  predicting  the  X  location  of  the 
center  of  gravity  in  positions  3  and  6  is  evident.  The  error  produced 
in  the  moment  of  inertia  about  the  Z-axis  follows  the  trend  of  the  error 
in  the  X  location  of  the  center  of  gravity.  In  general,  the  errors  in 
are  markedly  greater  than  the  errors  in  the  other  moments  of  inertia. 
This  is  attributable  to  the  fact  that  Izz  Is  generally  an  order  of  magni" 
tude  smaller  than  Ixx  lyy-  A  small  numerical  error  becomes  a 
much  larger  percentage  error.  Other  than  the  discrepancies  noted, 
one  half  of  the  predicted  values  generally  falls  within  20  per  cent  of 
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the  experimental  data. 


Supplementary  Comparison  of  Results 

A  second  experimental  study  completed  lecently  is  the  basis  for  a 
supplementary  comparison  of  results.  North  American  Aviation 
investigated  the  center  of  gravity  location  and  moments  of  inertia  of  19 
sub]  .*:t  /  in  the  seated  position  (Ref  8).  The  primary  purpose  of  the 
study  was  to  determine  the  effect  of  a  pressure  suit  on  the  inertial 
properties  of  the  human  body.  Experimental  runs  were  made  with  the 
subject  nude,  as  well  as  in  the  pressure  suit.  The  data  from  the  nms 
with  the  subject  nude  can  be  compared  with  results  using  the  mathe¬ 
matical  model.  Again,  each  subject*  s  anthropometric  dimensions  are 
used  to  design  a  personalized  mathematical  model.  A  comparison  of 
the  results  is  presented  in  Fig.  17. 

The  center  of  gravity  location,  represented  by  X  and  Z,  is 
comparable  to  the  results  achieved  in  the  first  study.  One  half  of  the 
predicted  values  falls  within  five  tenths  of  an  inch  of  the  ejqperimental 
data. 

The  moment  of  inertia  results  for  Ijqj  and  lyy  are  also  comparable 
to  the  results  achieved  in  the  first  study  The  results  for  however, 
are  significantly  different.  The  median  error  in  the  first  study  is  about 
15  per  cent  below  the  experimental  data.  The  median  error  in  the 
second  study  is  nearly  zero.  The  effect  of  an  order  of  magnitude 
differenct  in  Izz,  sis  compared  to  the  other  two  moments  of  inertia,  is 
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C.6.  ERROR  IN  TENTHS  OF  INCHES,  MOMENT  OF  INERTIA 
ERROR  IN  %  OF  EXPERIMENTAL  VALUE 


FIG.  17 

ERROR  DISTRIBUTION  (19  SUBJECTS) 


ag:ain  clear.  The  exact  position  of  the  body  is  critical  when  determin- 
inig  Variation  of  position  of  ,body  segrrents  in  the  X  direction 
affects  1^2  directly.  This  small  variation  has  a  greater  relative 
effect  on  I^z  than  it  has  on  X  or  lyjr.  Careful  scrutiny  of  the  pictures 
of  the  experimental  apparatus  for  ttie  first  study  shows  that  the  bociy 
positions  were  not  held  precisely  (lief  27: 19).  The  mathematical 
model,  on  the  other  hand,  places  tJie  subject  in  the  exact  position 
desired.  The  results  using  the  model  are  probably  of  comparable 
accuracy  in  as  in  the  other  two  moments  of  inertia.  The  errors 
in  experimental  procedure  obscure  this  accuracy  since  is  much 
smaller  than  I^x  ^d  I^y. 

Summary 

The  body  positions  and  axes  used  by  North  American  Aviation  are 
discussed.  Errors  in  measurement  of  anthropometric  dimensions 
and  compa,cibility  errors  in  the  experimental  data  are  pointed  out. 
Computer  program  MODEL  is  explained. 

The  segment  center  of  gravity  location  and  segment  specific  gravity 
for  the  model  are  very  good.  The  weak  segments  are  the  hand  and  the 
foot.  The  center  of  gravity  prediction  generally  falls  within  five  tenths 
of  an  inch  of  the  experimental  data  in  the  X  directio*^  and  within  seven 
tenths  of  an  inch  of  the  experimental  data  in  the  Z  direction.  The 
moment  of  inertia  about  the  Z-axis,  Izz,  is  very  sensitive  to  small 
variations  in  body  position.  It  is  generally  an  order  of  magnitude 
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smaller  than  the  other  moments  nf  hit  rtia.  The  moments  of  inertia 
generally  fall  within  10  per  cent  of  the  experimental  data.  Simple- 
mentary  comparison  of  results  verifies  these  accuracies. 
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IV.  Generalized  Computer  Progranj 

Computer  Program  APMOD 

The  design  of  the  mathematical  model  is  incorporated  into  a 
generalized  computer  program,  APMOD.  The  function  of  this  program 
is  to  calculate  the  inertial  properties  of  any  human  subject  in  any  body 
position.  The  program  is  written  in  FORTRAl-i  n  for  the  TBM  7094  digital 
computer,  but  is  also  available  in  FORTRAN  W.  A  listini^  of  the 
FORTRAN  n  program  is  given  in  Appendix  F.  A  listing  of  the  FORTRAN 
IV  version  is  given  in  Appendix  G.  The  program  consists  of  a  main 
program  and  six  subroutines.  The  main  program  controls  the  flow  of 
information  and  logic.  Each  subroutine  performs  a  step  in  determining 
the  inertial  properties. 

Input  Data 

Two  output  control  parameters  are  read  into  the  computer  memory 
at  the  beginning  of  ex^  .ution.  The  same  type  of  output  control  is  used 
in  this  program  as  was  used  in  MODEL.  The  25  anthropometric 
dimensions  of  a  subject  are  read  into  memory  from  the  input  tape.  The 
inertial  properties  are  calculated  irom  these  dimensions.  Approxi¬ 
mately  one  second  is  required  for  execution  of  the  calculation  for  each 
subject.  New  sets  of  data  are  called  for  until  the  list  of  subjects  is 
exhausted.  Lack  of  new  data  terminates  execution. 
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Subroutines 


The  six  subroutines  used  in  APMOD  are  similar  in  form  to  the  sub* 
routines  used  in  MODEL.  The  COMMON  ,ind  DIMENSION  statements 
have  been  altered  because  no  experimental  data  are  needed  in  this  pro* 
gram,  SUBROUTINE  DESIGN  performs  the  same  functions  in  this 
program  as  the  similar  subroutine  does  in  MODEL.  SUBROUTINE 
EULER  must  be  provided  by  the  user.  Memory  space  is  allocated  for 
seven  body  positions.  The  Euler  angles  foi  the  moveable  segments 
must  be  coded  into  executable  st^ements  like  those  in  SUBROUTINE 
EULER  of  MODEL.  SUBROUTINE  MODMOM  is  similar  in  form  to 
the  subroutine  in  MODEL,  but  all  calculations  necessary  to  compare 
the  results  with  experimental  data  have  been  deleted.  The  remaining 
functions  of  the  subroutine  are  unaltered.  SUBROUTINE  HMMPY  and 
SUBROUTINE  EIGEN  are  identical  to  the  subroutines  used  in  MODEL. 
SUBROUTINE  OUTPUT  provides  for  normal  output  and  master  tape 
output  under  the  control  of  output  parameters.  Normal  output  includes 
the  location  of  the  center  of  gravity,  the  moments  and  products  of 
inertia,  the  principal  moments,  and  the  orientation  of  the  principal 
axes.  The  master  tape  output  includes  the  anthropometric  dimensions, 
the  segment  dimensions,  and  the  segment  properties. 

Svunmarv 

Computer  program  APMOD  calculates  the  inertial  properties  of 
any  human  subject  in  any  body  position.  The  25  anthropometric 
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dimensions  of  the  subjerit  are  used  to  calculate  the  inertial  propertiefi 
using  the  personalized  mathematical  model.  Calculations  can  be 
made  for  any  number  of  subjects  in  seven  body  positions  specifier  by 
the  user.  Normal  output  and  master  tape  output  are  provided  ui\d.;r 
control  of  output  parameters. 
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V.  Design  Guide 


Introduction 

The  mathematical  model  is  used  to  develop  a  design  guide.  The 
design  guide  can  be  used  to  establish  preliminary  design  specifications 
requirli^  knowlec^e  of  the  inertial  properties  of  the  human  body  in 
selected  body  positions.  The  design  guide  is  intended  to  be  a  basic 
reference  from  which  individual  users  can  obtain  approximate  values 
of  the  ineitial  properties  of  the  human  body  in  selected  body  positions. 
An  example  of  one  use  of  the  design  guide  has  already  been  alluded  to 
in  the  Introduction  to  this  study.  The  design  of  a  Self- Maneuvering 
Unit  requires  knowledge  of  the  inertial  properties  of  the  human  body. 
The  design  guide  provides  inertial  properties  for  the  designer  to  use 
in  optimizing  the  design  of  the  unit  to  minimize  cross-coupling. 

Five  composite  subjects  are  defined  by  using  the  fifth,  twenty- 
fifth,  fiftieth,  seventy- fifth,  and  ninety-fifth  percentile  anthropometric 
dimensions  of  the  Air  Force  flying  population  (Ref  15: 11-76).  The 
inertial  properties  of  these  composite  sitbjects  are  calculated  for  31 
selected  body  positions. 

Calculations  are  made  by  a  computer  pri^ram,  GUIDE,  written  in 
FORTRAN  n  language  for  the  IBM  7094  digital  computer.  A  listing  of 
this  program  is  given  in  ^pendix  H.  The  program  consists  of  a 
main  program  and  four  subroutines.  The  program  is  very  similar  to 
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computer  program,  AFMOD,  described  earlier.  The  main  program, 
however,  also  produces  the  output,  eliminating  the  need  for  a  separate 
subroutine.  SUBROUl’INE  DESIGN,  SUBROUTDIE  EULER,  and  SUB¬ 
ROUTINE  HMMPY  perform  the  same  fimctions  as  the  corresponding 
subroutines  in  APMOD,  SUBROUTINE  MODMOM  combines  the 
functions  of  its  coimterpart  subroutine  in  APMOD  and  SUBROUTINE 
EIGEN.  This  is  possible  because  the  positions  being  considered  are 
symmetrical  so  that  the  principal  moments  of  inertia  can  be  calculated 
directly. 

Input  Data 

The  25  anthropometric  dimensions  for  the  five  composite  subjects 
are  obtained  from  the  survey  of  the  Air  Force  flying  population  (Ref  15). 
Some  of  the  dimensions  can  not  be  obtained  directly  since  they  were  not 
taken  during  the  survey.  These  dimensions  are  calculated  by  regres¬ 
sion  equations  using  various  dimensions  from  the  survey  as  independent 
variables.  The  independent  variables  were  chosen  on  the  basis  of  high 
correlation  factor  and  low  value  of  standard  deviation.  Eight  such 
regression  equations  are  required  to  complete  the  set  of  anthropometric 
dimensions. 

Different  composite  percentile  subjects  can  be  used  in  tlie  computer 
program.  Provision  is  made  for  making  calculations  on  five  composite 
subjects  defined  by  percentile  anthropometric  dimensions.  Should  other 
percentUes,  other  than  those  selected  for  this  study,  be  required,  the 
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appropriate  anthropometric  dimensions  can  be  used.  The  five  percentiles 
selected  were  chosen  because  they  represent  the  spectrum  of  body  sizes 
generally  considered  in  the  design  of  systems  involving  the  human  body. 

Body  Positions 

The  31  body  positions  selected  for  the  design  guide  are  shown  in 
Fig.  18.  All  positions  have  a  plane  of  symmetry  in  the  X-Z  plane.  The 
Euler  angles  required  for  each  of  the  moveable  segments  are  defined  in 
the  same  manner  as  those  used  in  computer  program  MODEL.  The 
positive  sense  of  these  angles  is  indicated  in  Fig.  12.  The  angles  are 
defined  by  executable  statements  of  StTBROUTINE  EULER  in  Appendix 
H. 

The  31  body  positions  cover  the  regime  of  permissible  positions  of 
the  body  in  a  full  pressure  suit  representative  of  the  state  of  the  art. 

The  possible  range  of  values  of  the  moments  of  inertia  are  also  covered, 
consistent  with  the  limitation  that  the  position  must  be  realistic  with 
respect  to  current  pressure  suit  mobility.  The  six  basic  configurations 
of  the  iq)per  half  of  the  body  are: 

a. ,  arms  at  attention 

b.  arms  directly  overhead 

c.  arms  spread  in  cruciform  position 

d.  arms  extend^  in  front  of  body 

e.  arms  bent  90  at  elbow,  forearms  in  front  of  body 

f.  upper  arms  at  shoulder  level,  forearms  extended  in  front  of  body 

The  five  basic  configurations  of  the  lower  half  of  the  body  are: 
a.  standing 
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b.  kneeling 

c.  sitting 

d.  sitting,  legs  extended  forward 

e.  standing,  legs  at  30® 

All  combinations  of  the  upper  body  and  lower  body  configurations  are 
included,  making  a  total  of  30  body  positions.  The  last  position  is  the 
Mercury  configuration  examined  earlier  (Ref  27:  8).  The  inertial 
properties  of  the  five  composite  subjects  are  calculated  for  these  31 
body  positions. 

Output  Data 

All  output  iS  written  on  the  normal  output  tape.  The  output  data 
include  the  anthropometric  dimensions,  the  location  of  the  center  of 
gravity,  the  moraen<  s  and  products  of  inertia  about  axes  through  the 
center  of  gravity,  th^  principal  moments  of  inertia  about  the  principal 
a/.es  through  the  center  of  gravity,  and  the  orientation  of  the  principal 
axes.  The  output  data  is  presented  in  Table  IV. 

The  25  anthropometric  dimensions  are  arranged  by  percentile. 
The  brief  symbols  for  the  anthropometric  dimensions  are  defined  in 
^pendix  B.  The  center  of  gravity  is  described  by  X  and  Z,  the 
location  in  the  X  direction  and  the  Z  dir'^ction,  respectively.  The 
center  of  gravity  location  in  the  X  direction  is  measured  from  the  baci 
plane.  The  center  of  gravity  location  in  the  Z  direction  is  measured 
from  the  top  of  the  head.  The  axis  system  for  these  calculations  is 
shown  in  Fig.  14. 
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The  moments  and  products  of  inertia  form  the  inertia  tensor  for 
the  subject.  The  body  positions  selected  for  the  design  guide  have  a 
plane  of  symmetry  in  the  X-Z  p.ane.  In  this  case,  two  of  the  products 
of  inertia,  and  are  zero.  The  inertia  tensor  is  then  deter¬ 
mined  by  the  moments  of  inertia  and  the  non-zero  product  of  inertia, 

The  orientation  of  the  principal  axes  is  conveniently  described  by 
a  single  angle,  THETA.  The  positive  sense  of  this  angle,  and  the 
orientation  of  the  principal  axes  are  indicated  in  Fig.  15.  The  moments 
of  inertia  about  the  principal  axes  through  the  center  of  gravity  complete 
tlie  list  of  output  data. 
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TAfiLfc  IV 


ANTHROPOMETRIC  DATA  OF  MODELS 


5 

25 

HEIGHT 

132.5 

148.7 

STAT 

65.2 

67.5 

SHLOH 

52.8 

55.0 

SUrtH 

45.6 

47.4 

TROCH 

32.6 

35.0 

TIHH 

16.6 

17.4 

UPARL 

12.7 

13.1 

FUAKL 

10.2 

10.6 

CHE  SO 

8.0 

8.6 

WAI  bO 

6.7 

7.3 

KUTTD 

7.6 

8.2 

CHESB 

1C. 8 

11.5 

WAISQ 

9.4 

10. 0 

hIPU 

12.1 

12.7 

AXILC 

10.9 

11.8 

cLPC 

9.9 

10.5 

kRISC 

6.3 

6.6 

FISTC 

10.7 

11.2 

THihC 

19.6 

21.2 

GKNcC 

13.2 

13.8 

ANKC 

8.1 

8.6 

SPHYH 

2.7 

?.e 

FOOTL 

9.8 

10.2 

SITH 

33.8 

35.1 

HtADC 

21.5 

22.1 

WEIGHT 

IN  L6., 

CIMENSIONS 

PERCENT ILE 


50 

75 

95 

161.9 

176.6 

200. 

69.1 

70.7 

73.1 

56.6 

58.0 

60.2 

48.7 

50.1 

52.  1 

36.1 

37.3 

39.0 

16.0 

18.7 

19.6 

13.5 

13.8 

14.4 

10.9 

11.2 

11.6 

9.0 

9.6 

10.4 

7.9 

8.5 

9.5 

8.B 

9.4 

10.2 

12.0 

12.5 

13.4 

10.6 

10.2 

12.3 

13.2 

13.7 

14.4 

12.4 

13.2 

14.4 

10.9 

11.4 

12. C 

6.8 

7.1 

7.5 

11.6 

11.9 

12.4 

22.4 

23.6 

25.3 

14.3 

14.9 

15.6 

8.9 

9.3 

9.8 

2.9 

3.1 

3.2 

10.5 

10.8 

11.3 

36. C 

36.8 

38.0 

22.5 

22.9 

23.5 

IN  INCHES. 
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•'"Csn  lu-'j 


I 


i. 


0/C 

X 

o 

• 

0  • 

Z 

IXX 

5 

3.16 

29.9 

6.A^ 

25 

3.26 

30.8 

7.85 

5C 

3.35 

31.5 

9.02 

T5 

3.4A 

32.1 

10.29 

95 

3.59 

33.0 

12.62 

POSITICN 

2 

Nf-RTIA 

lYY 

TENSOR 

I// 

IKZ 

THETA 

6.14 

0.45 

0. 

-0. 

7.46 

0.5  7 

0. 

8.57 

0,67 

0. 

-o* 

9.76 

o.ao 

0. 

•  A 

11.94 

1.04 

0. 

-0. 

& 


PR  I  rK  I  pal  moments 


ixx 

lYY 

IZZ 

6.44 

6. 14 

0.45 

7.85 

7.46 

0.57 

9.02 

8.57 

0.67 

10.29 

9.76 

0.80 

12.62 

11.94 

1.04 

a. 


C. 

G  • 

INERTIA 

Tensor 

PRINCIPAL  MOMENTS 

0/C 

X 

z 

IXX 

I  YY 

IZZ 

1X2 

THETA 

IXX 

IVY 

IZZ 

5 

2.  13 

2  8.9 

4.97 

4.97 

0.75 

0.58 

-7.7 

5.05 

4.97 

0.67 

25 

2.16 

2  9.  7 

6.C4 

6.03 

0.94 

0.71 

-7.8 

6.14 

6.03 

0.84 

5C 

2.22 

30.3 

6.95 

6.93 

1.11 

0.82 

-7.8 

7.06 

6.93 

0.99 

75 

2.27 

30.9 

7.91 

7.88 

1.31 

0.94 

-7.9 

8.04 

7.88 

1.18 

95 

2.  36 

31. H 

9.68 

9.62 

1.67 

1.16 

-6.1 

9.84 

9.62 

1.51 

POSITION  3 


3. 


C  *  (» . 

INERTIA 

T  ENSOR 

PRINCIPAL  moments 

0/0 

X  z 

IXX 

I  YY 

IZZ  IXZ 

theta 

IXX 

lYY 

IZZ 

5 

6.75  26.3 

3.22 

3.90 

1.44  -1.12 

25.8 

3.76 

3.9C 

0.90 

25 

7.36  26.7 

3.  7? 

4.71 

1.94  -1.36 

?6.6 

4.47 

4.71 

1.19 

50 

7.61  27.2 

4.27 

5.41 

2.27  -1.58 

28.8 

5.  14 

5.41 

1.40 

75 

7. 87  27. 7 

4.  85 

6.  17 

2.65  -1.80 

29.2 

5.86 

v5.  17 

1.64 

95 

8.26  28.3 

5.93 

7.55 

3.34  -2.20 

29.8 

7.19 

7.55 

2.C9 

/iLL 

PUSI TI ONS 

ARE  SYMMETRIC 

(IXV.IY/ 

ARE  ZERO), 

X,Z 

TN  INCHES 

»  I  X  X  » 

lYY.IZZ, 

IXZ  IN  SLUG-FT-FT 

,  theta 

IN  0 

w  G  • 
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c. 

1#  • 

INe«T I  A 

1 tNSOR 

PRiNCIPAi  MOMENTS 

0/C 

X 

/ 

IXX 

I  vy 

Ml  IX/ 

THtTA 

IXX 

ivy 

III 

5 

7.70 

25.3 

2.48 

4.20 

2.43  -0,97 

45.0 

3.45 

4.20 

1.51 

25 

5.45 

25.6 

2  *  66 

5.17 

3.26  -1.14 

49.9 

4.22 

5.17 

1.90 

50 

b.  74 

26.1 

3.29 

5.96 

3.79  -1.31 

50.4 

4.87 

5.96 

2.21 

75 

0.04 

26.5 

3.73 

0.81 

4.42  -1.47 

51.5 

5.59 

6.81 

2.56 

0  5 

9.40 

27.1 

4.55 

8.37 

5.54  -1.73 

52.7 

6.90 

8.37 

3.20 

I’osi 

5 

C. 

G. 

IN2RTIA 

TENSOR 

PRINCIPAL  MOMENTS 

0/C 

A 

Z 

IXX 

lYY 

III 

IXZ 

THETA 

IXX 

lYY 

IZZ 

5 

3.16 

29.3 

6.73 

5.37 

1.50 

0. 

-0. 

6.  73 

5.37 

1.50 

25 

3.26 

30.1 

8.25 

6.48 

1.95 

0. 

-0. 

8.25 

6.48 

1.95 

50 

3.  35 

30.7 

9.49 

7.44 

2.28 

0. 

-0. 

9.49 

7.44 

2.28 

75 

5.44 

31.3 

10.86 

8.46 

Z*bl 

0. 

-0. 

10.86 

8.46 

2.67 

9  5 

3.59 

32.2 

13.33 

10.34 

3.36 

c. 

-0. 

13.33 

10.34 

3.36 

PUSl riCN 

6 

< 

6. 


C.G. 

INERTIA 

TENSOR 

PRINCIPAL  MOMENTS 

0/C 

X  z 

IXX 

lYY 

III 

IXZ 

THETA 

IXX 

lYY 

III 

5 

3.16  27.6 

8.38 

8.07 

0.45 

0. 

-0. 

3.38 

8.07 

0.45 

25 

3.26  28.4 

10.19 

9.81 

0.51 

0. 

-0. 

10.19 

9.81 

0.57 

5  0 

3. 35  29.0 

11.75 

11.30 

0.67 

0. 

-0. 

11.75 

11.30 

0.67 

75 

3.44  29.6 

13,39 

12.86 

0.80 

0. 

-0. 

13.39 

12.86 

0.80 

95 

3.59  30.4 

16,  39 

15.71 

I.C4 

0. 

-0. 

16.39 

15.71 

1.04 

MJ. 

POSITIONS 

ARE  SYMMETRIC 

{  IXY, 

lYZ 

ARE  ZERO), 

X,: 

19  INCHES 

t  I  X Xt 

IVY, IZZ, 

IXZ  IN 

1  SLUG-FT-FT 

,  THEIA  IN 

DEG. 
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}>0SiriC-4  7 


C. 

G  • 

inertia 

TENSOR 

PRINCIPAL  MOM 

£NTS 

o/c 

X 

z 

IXX 

I  YY 

IZZ 

IXZ 

THETA 

IXX 

lYY 

IZZ 

& 

2.13 

26.6 

6.77 

6.77 

0.75 

0.65 

-6.1 

6.84 

6.  77 

0.68 

25 

2.16 

27.3 

8.22 

8.21 

0.9  V 

0.80 

-6.2 

8.31 

8.21 

0.85 

50 

2.22 

27.3 

9. 48 

9.46 

: .  1 1 

0  »92 

-6.2 

9.58 

9.46 

l.Ol 

75 

2.27 

2b. 4 

10.  78 

10.75 

1.31 

1.05 

-6.3 

10.90 

10.75 

1.19 

95 

?.  36 

29.1 

13.17 

13.1’ 

1.67 

1.30 

-6.4 

13.31 

13.11 

1.53 

POSITION  8 


C 

•  G  • 

INERTIA 

TENSOR 

PRINCIPAL  MOMENTS 

0/0 

X 

z 

IXX 

I  YY 

IZZ  IXZ 

THETA 

IXX 

lYY 

IZZ 

5 

6.  75 

24. D 

4,68 

5-36 

1.44  -1.36 

20.  C 

5.17 

5.36 

0.95 

25 

7.36 

24.3 

5.44 

6.43 

1.94  -1.69 

22. C 

6.12 

6.4  3 

1.26 

5C 

7.6i 

24.7 

6.26 

7.40 

2.27  -1.95 

22.  » 

7.05 

7.40 

1.4/ 

,  5 

7.87 

25.1 

7.C9 

8.41 

2.65  -2.22 

22.5 

8.02 

8.41 

1.73 

9  5 

^.26 

25.7 

8.63 

10.25 

3.34  -2.73 

23. C 

9.79 

10.25 

2.19 

posi rioN 

9 

9. 


C.o.  INuRTIA  TtOSOR  PRINCIPAL  MUMCnTS 


O/C 

X 

7* 

/ 

IXX 

lYY 

IZZ 

IXZ 

theta 

IXX 

IVY 

IZZ 

5 

7.79 

2  3.0 

3.  HO 

5.5  3 

2.48 

-1.27 

31.3 

4.58 

5.53 

1.71 

2  5 

H.45 

23.2 

4.41 

6.72 

3.26 

-1.54 

34.8 

5.48 

6.72 

2.19 

50 

•3.  74 

2  3.6 

5.C8 

7.75 

3.79 

-1.77 

35.0 

6.33 

7.75 

2.55 

75 

9.04 

24.0 

5,75 

8.33 

4.42 

-2.01 

35.9 

7.20 

8.83 

2.96 

9  5 

9 .49 

24.5 

6.,  9R 

10.79 

5.54 

-2.46 

36.9 

8.82 

10.79 

3.70 

ALL  POSITIONS  ARE  SYPPPTRIC  (IXY.IYZ  ARE  ZERO), 

X,Z  IN  INCHES,  IXX, i YY, IZZ, IX/  IN  SLUG-FT-FT,  THETA  IN  OLG. 
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pusifujj  10 


C* 

&  • 

INERTIA 

TENSOR 

PRINCIPAL  MOMENTS 

G/C- 

X 

Z 

1  XX 

I  YY 

III 

IXZ 

THE  T  A 

IXX 

lYY 

IZZ 

S 

3.10 

27.0 

3.  58 

(.22 

1.50 

0  . 

-0. 

8.58 

7.22 

1.50 

25 

3.26 

27.  7 

10.49 

8.72 

1.95 

0. 

-0. 

10.49 

8.  72 

1.95 

5C 

3.  35 

28.3 

12.10 

10.04 

2.28 

0. 

-0. 

12.10 

10.04 

2.28 

fb 

3.44 

2«.3 

13.81 

11.41 

2.67 

0. 

-0. 

13.81 

11.41 

2.67 

N5 

3.59 

2  9.6 

16.92 

13.92 

3.  36 

0. 

-0. 

16.92 

13.92 

3.36 

POSITION  11 


C.G.  INtKTIA  THNSOR  PRINCIPAL  MOMENTS 


r 

0/C 

X 

y 

4. 

IXX 

lYY 

IZZ 

IXZ 

THETA 

IXX 

lYY 

IZZ 

1 

5 

3.  16 

28.3 

7.92 

6.61 

1.45 

0. 

-0. 

7.92 

6.6l 

1.45 

i 

25 

3.26 

29.6 

9.65 

8.05 

1.79 

0. 

-0. 

9.65 

8. 05 

1.79 

t 

1 

50 

3.35 

30.2 

11.13 

9.26 

2.09 

0. 

-0. 

11.13 

9.26 

2.09 

75 

5.44 

30.8 

12.71 

10.55 

2.44 

0. 

-0. 

12.71 

10.55 

2.44 

T 

1 

95 

3.59 

31.7 

15.61 

12.90 

3.07 

0. 

-0. 

15.61 

12.90 

3.07 

{. 

[  POSITION  12 

I 

I 

! 

i 


12. 


C. 

l»  « 

I  JciUI  A 

TENSOR 

PRINCIPAL  MOMENTS 

0/C 

X 

Z 

IXX 

lYY 

IZZ 

IXZ 

THETA 

IXX 

lYY 

IZ’Z 

5 

?.  1  3 

27.7 

6. 33 

5.37 

1.76 

0.62 

-7.5 

6.46 

5.37 

1.68 

25 

2.16 

28.5 

7.  77 

6.54 

2.16 

0.76 

-7.5 

7.87 

6.54 

2.06 

50 

2.22 

29.1 

8.96 

7.52 

2.53 

9.87 

-7.6 

9.07 

7.52 

2.41 

75 

P.27 

29.6 

10.21 

8.55 

2.94 

1.00 

-7.7 

10.35 

8.55 

2.81 

)5 

2. 36 

30.5 

12.52 

10.44 

3.70 

1.23 

-7.8 

12.69 

10.44 

3.53 

ALL  PuSiriONS  ARE  SYMMET.RIC  (IXY.IYZ  ARE  ZEROI, 

<tZ  IN  INCHES,  IXX, lYYjIZZ, IXZ  IN  SLUG-FT-FT,  THETA  IN  DEG. 

60 


PCSmori  1-5 


c*  • 

• 

INERTIA 

TENSOR 

PRINCIPAL  MO^'ENTS 

./o 

X 

Z 

IXX 

lYY 

IZZ  IXZ 

theta 

IXX 

lYV 

IZZ 

t> 

6.75 

25.2 

4.A6 

4.14 

2.-  5  -1.24 

25.4 

5.05 

4.14 

1.66 

25 

Z.  36 

25.5 

5.21 

4.93 

3.16  -1.53 

28.  1 

6.03 

4.98 

2.34 

50 

7.61 

26.0 

6. Cl 

5.73 

3.69  -1.76 

28.3 

6.96 

5.73 

2.74 

75 

7.d7 

26. <. 

6.  b4 

6.52 

4.28  -2.01 

28.8 

7.95 

6.52 

3.18 

95 

c).26 

27.0 

8.  38 

7.97 

5.38  -2.46 

29.  3 

9.76 

7.97 

3.99 

posiriuM  lA 


14. 


C. 

G  • 

INERTIA 

TbNSUR 

PRINCIPAL  MOMENTS 

ozc 

X 

z 

IXX 

I  YY 

IZZ  IXZ 

THETA 

IXX 

lYY 

IZZ 

5 

7.79 

24.1 

3.65 

4.37 

3.49  -1.12 

42.9 

4,69 

4.37 

2.45 

25 

8.45 

24.4 

4.27 

5.36 

4,48  -1.34 

47.2 

5. 72 

5.  36 

3.C3 

5C 

8.74 

24.  3 

4.93 

6.18 

5.21  -1.54 

47.6 

6.62 

6.18 

3.53 

75 

9.04 

25.2 

5.61 

7.06 

6.05  -1.74 

48.6 

7.59 

7.06 

4.07 

9  5 

9.4  J 

25.3 

6.87 

8.65 

7.58  -2.12 

49.7 

9.37 

0.65 

5.07 

PCSITIO'J  15 


C. 

G  • 

INERTIA 

TENSOR 

PRINCIPAL  MOMENTS 

:/c 

X 

z 

IXX 

lYY 

IZZ 

IXZ 

THETA 

IXX 

lYY 

IZZ 

5 

3.16 

28.1 

6.  16 

5.80 

2.50 

0. 

-0. 

8.16 

5.80 

2.50 

25 

3.26 

28.9 

10.01 

7.01 

3.17 

0  . 

-0. 

10.01 

7.01 

3.17 

5C 

3.  33 

29.5 

11.54 

8.06 

3.70 

0. 

-0. 

11.54 

8,06 

3.70 

75 

3.44 

30.1 

13.20 

9.17 

4.30 

0. 

-0. 

13. 2C 

9.17 

4.30 

95 

3.59 

30.9 

16.23 

11.20 

5.  39 

0. 

-0. 

16.23 

11.20 

5.39 

\LL  POSITICNS  ARE  SYPKETRIC  (IXY.IY^  ARE  i£RO»t 

x,z  IMCHES,  ixx.l  YY,|ZZ,IKZ  IN  SLUG“FT-FT,  THFTA  IN  DtG. 
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Hosiric'-  16 


C.G.  INlRTIA  tensor  principal  moments 

<  /c  X  I  IXX  lYY  IZ2  IXZ  THETA  IXX  lYY  III 

5  4.32  28.3  6.9?  7.11  0.94  0.48  -4.6  6.96  7.11  0.90 

25  4. ‘♦6  29.6  6.43  8.64  1.15  0.59  -4.6  8.48  8.64  l.ll 

50  4.59  30.2  9.71  9.93  1.35  0.66  -4.6  9.76  9.93  1.29 

75  4.71  30.3  11.08  11.31  1.57  0.77  -4.6  11.14  11.31  1.51 

95  4.91  31.7  13.58  13.33  1.97  0.94  -4.6  13.66  13.83  1.90 


POSITIO'S  17 


IT 


C.U.  INERTIA  TfcNSOR  PRINCIPAL  MOMENTS 

,/C  X  Z  IXX  lYY  in  IXZ  THETA  IXX  lYY  IZZ 

5  j.29  27.7  5.38  5.94  1.32  1.07  -13.9  5.64  5.94  1.05 

25  3.36  28.5  6.55  7.21  1.6l  1.30  -13.9  6.87  7.21  1.29 

50  3.46  29.1  7.54  0.29  1.80  1.50  -14.0  7.91  8.29  1.51 

75  3.54  29.6  3,58  9.43  2.18  1.71  -14.1  9.01  9.43  1.75 

95  3.63  30.5  10.49  11.51  2.74  2.10  -14.2  11.03  11.51  2.21 


PCSITIU^I  18 


18. 


c.fi,  inertia  tensor  principal  moments 

0/C  X  Z  IXX  lYY  IZZ  IXZ  THETA  IXX  IVY  IZZ 

5  7.91  25.2  3.45  4.39  1.7C  -0.87  22.4  3.81  4,39  1.34 

25  8.56  25.5  3.99  5.25  2.21  -I.IO  25.6  4.52  5.25  1.68 

5C  8.85  26.0  4.59  6.04  2.57  -1.27  25.7  5.20  6.04  1.96 

75  9.13  26.4  5.21  6.86  2.99  -1.45  26.3  5.93  6.86  2.27 

95  9.53  27.0  6.35  8.36  3.74  -1.79  27.0  7.26  8.36  2.83 

ALL  ROSiriCNS  ARE  SYR^'ETRIC  nXY.lYZ  ARE  ZERO)# 

X,Z  M  INCHES,  IXX, IVY, IZZ, IXZ  IN  SLUG-FT-FT,  THETA  IN  DEG. 
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t 


19 


Id. 


c.o. 

O/C  X  I 

y.V3  24.1 
4.' 5  9.65  24.4 

■30  9. 9d  24.  d 

75  1C. 30  25.2 
95  10. dl  25.d 


INfcRFlA  THNSOR 
IXX  IVY  \IL  l/.l 
2.65  4.56  2,67  -'0,79 

3.C5  5.55  3.45  -0,96 

^•51  6.3d  4.00  -1,09 

3.98  7,2b  4,64  -1.24 

4.84  d.91  5.80  -1,52 


I^RlNClP'iL  moments 

IHETA  IXX  IVY  12/ 

45.4  3.45  4.56  1,87 

50.8  4.23  5.55  2.27 

51.3  4.87  6.38  2.64 

52.5  5.59  7.28  3.02 

53.8  6.91  8.91  3.73 


POSITICNi  20 


INERTIA  rCNSOR 


•J/l 

X 

Z 

IXX 

5 

4.  32 

2  8.1 

7.  16 

25 

4.46 

28.9 

8.  79 

50 

4.5  1 

2  9,5 

10.  12 

75 

4.71 

30.1 

11,57 

95 

4.91 

30.9 

14. 2C 

I  YY 

IZZ 

IXZ 

6.  30 

1.99 

0.46 

7.60 

2.54 

0.56 

8.74 

2.  96 

0.65 

9.94 

3.43 

0.74 

12.13 

4.29 

C  .90 

THETA 

PRINCIPAL  MOMENTS 
IXK  IVY  U£ 

~5.  1 

7.20 

6.30 

1.95 

-5.1 

8.83 

7.60 

2,49 

-5.  1 

10.18 

8.  74 

2.90 

-5.1 

11.64 

9,94 

3.37 

-5.1 

14,20 

12.13 

4.21 

POSITION  21 


O/C 

C 

X 

#  (?  • 

Z 

IXX 

Inertia 

lYY 

TENSOR 

IZZ  IX/ 

5 

i.  5  J 

29.6 

6.45 

6.2? 

0.54 

0.04 

25 

3.61 

30.5 

7.c5 

7.57 

0,67 

0,05 

5C 

3.  71 

31.1 

9.C3 

d.69 

0.79 

C  ,06 

1 5 

3.bl 

31.  J 

10.  31 

9.91 

0.94 

C.07 

95 

5,97 

32.6 

12.64 

12.12 

1.21 

0.09 

theta 

principal  M'uMtNTS 
IXX  lYV  I// 

-0.4 

6.45 

6.22 

0.54 

-0.4 

7.85 

7.57 

0,6? 

-0.4 

9.03 

8.69 

0,79 

-0.4 

10.31 

9,91 

0.94 

-0.4 

12,64 

1a?,  12 

:  21 

all  PuSiriGNS  AR;  symmetric  (IXY,IV2  ARE  ItRO) 

X.z  I.,  iNCHts,  ixx.iyy.i/i.ixz  |.,  theta  ih  ceg. 
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j'O^iriC  i  2? 


\ 

I 

22.  I 

I 

! 

INil^TlA  TtiNSUJ*  PRINCIPAL  MOyENTS  ! 


A 

Z 

IXX 

lYY 

5 

:.47 

2«.5 

4.95 

5.05 

25 

2.51 

29.4 

6.C3 

6.14 

jO 

2.57 

30.0 

6.93 

7.05 

75 

^.63 

30.5 

7.b9 

8.0  3 

9  5 

2.  74 

31.4 

9.65 

9.80 

PCSIIIGM  23 


C 

•  G  • 

INERTI 

c/c 

A 

z 

ixx 

lYY 

5 

7.09 

26.0 

3.15 

3.85 

i 

I 

25 

7.71 

26.4 

3.63 

4.6  :• 

1 

A  1 

5C 

7.97 

26.3 

4.17 

5.3? 

i 

75 

8.23 

27.3 

4.V4 

6.07 

i 

95 

9.64 

28.  ) 

5.79 

7.41 

IZZ 

IXZ 

THETA 

IXX 

lYY 

III  1 

0.86 

0.63 

-8.5 

5.05 

5.05 

0.77  *: 

1.07 

0.77 

-8.6 

6.14 

6.14 

0.95 

1.25 

0.88 

-8.7 

7.06 

7.05 

1.12  ^ 

1.47 

l.Ol 

-8.8 

S.05 

3.03 

1.32  i 

1.87 

1.25 

-8.9 

9.85 

9.80 

1.68  j 

29. 

tCNSOK  PRINCIPAL  moments 


IZZ  IXZ 

THETA 

IXX 

lYY 

IZZ 

1.46  -1,14 

26.B 

3.73 

3.85 

0.88 

1.95  -1.41 

29.6 

4.44 

4.63 

1,15 

2.28  -1.62 

29.8 

5. 1C 

5.32 

1.35 

2.66  -1,85 

30.3 

5.82 

6«07 

1.58 

3.35  -2.26 

30.9 

7.14 

7.41 

2.00 

POSiriCN  2A 


24. 


C.ii.  INERTIA  TENSOR  PRINCIPAL  MOMENTS 

^  I  lAX  IVY  IZZ  IXZ  THETA  IXX  IVY  IZZ 

5  ^.13  24.9  2.39*  4.11  2.4fc  -l.Ol  46.2  3.45  4.11  1.42 

25  ?..»0  25.3  2.75  5,05  3.25  -1.21  50.8  4.23  5.05  1.77 

50  9.10  25.7  3.16  5.81  3.77  -1.33  51.2  4.88  5.81  2.06 

75  9.40  26.1  3.59  6.65  4.40  -1.56  52.3  5.6C  6.65  2.38 

95  9.rt7  26.7  4.37  8.16  5.51  -1.39  53.4  6.92  8.16  2.97 

ALI  POSITIONS  ARE  SYMMETRIC  I IXY,  lYZ  ARE  ZERO), 

X,Z  I^  INCHES,  IXX, lYY, IZZ, IXZ  IN  SLUG-FT-FT,  THETA  IN  OtG. 


i 

» 


pcsirici 


L. 

b  m 

iNeRTI  A 

r£NS(JR 

PRINCIPAL  MOVENTS 

;/: 

X 

1 

I  XX 

IVY 

ILL 

IXZ 

THblA 

IXX 

IVY 

IZ£ 

:>.50 

29.0 

6.  71 

5.44 

1.59 

0.04 

-0.4 

6.71 

5.44 

1.59 

25 

0.61 

29. j; 

B.24 

6.57 

2.06 

0.05 

-0.4 

8.24 

6.57 

2.06 

50 

3.71 

3C.4 

9.49 

7.54 

2.40 

0.05 

-0.4 

9.49 

7.54 

2.40 

?.81 

31.1 

JO.  85 

8.59 

2.80 

0.06 

-0.4 

10.85 

8.59 

2.8C 

95 

i.97 

31.  < 

13.32 

10. 4H 

3.52 

0.07 

-0.4 

13.32 

10.48 

3.52 

HOSinOM  26 


26. 


b  • 

INERTIA 

TENSOR 

PRINCIPAL  MOMENTS 

V  / 

X 

z 

IXX 

lYY 

IZ2 

IXZ 

THETA 

IXX 

lYY 

IZZ 

5 

1.50 

7.40 

6.70 

1.10 

0.14 

-1.3 

7.49 

6.70 

1.10 

2  5 

3.61 

29.6 

9.12 

3.15 

1.36 

0.i7 

-1.3 

9.13 

8.15 

1.36 

50 

1.  71 

30.2 

10.52 

9.37 

1.60 

0.20 

-1.3 

10.52 

9,37 

1.6C 

75 

3.dl 

30. 3 

12.01 

10.68 

1.87 

0.22 

-1.3 

12.01 

10.63 

1.87 

95 

3.97 

31.7 

14.  75 

13.06 

2.33 

C.27 

-1.3 

14.76 

13.06 

2.37 

PUSiriG^  27 

'1: 


27. 


C. 

• 

INERTIA 

Tb-.'srm 

PR  I  NC 

IPAL  v-i 

DMcNTS 

•  / ; 

A 

7 

I  XX 

I  YY 

177 

IXZ 

THLTA 

IXX 

lYY 

IZZ 

5 

?.4  7 

2  7.  / 

5.  94 

•i.<  3 

1.42 

0.75 

-9,2 

6.06 

5.48 

1.30 

2  5 

2  •  5  1 

*<  c  .  J 

7.24 

5  •  66 

1.  76 

0.91 

-9,2 

7.39 

6.66 

1.61 

:.  •>  7 

29.1 

8.  35 

7.67 

2.C6 

1.05 

-9.3 

8.52 

7.67 

1.89 

75 

2  9.6 

9.51 

H,72 

2.41 

1  .20 

-9,4 

9.71 

8.72 

2.21 

'/5 

2.  /h 

30.5 

1  1 .  (;6 

1 0 .64 

3,04 

1.45 

-9.5 

11.91 

10.64 

2. JO 

ALL  PUSirif  viS  Artt  SYVVFr-<IC  (IXY,IY2  ARb  2bRG>, 

<fl  l.i  IClitSf  IXX,I  YY,I£/,  I  <Z  Pi  l»LUG~FT-rT,  THtTA  IN  DIG, 
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28. 

C.b.  I  vfcKlfA  Il-NSIM  PRIi'^CIPAL  MOMEiiTS 

C/C  K  I  IXX  !YY  III  IXZ  THCTA  IXX  lYY  IZZ 

“i  7.0)  2b.?  4.(.?  A, lb  2.02  -1.13  2A.i  A. 53  A. 15  1.51 

25  7.7i  25.5  A.b^".  A. 99  2.6A  -l.Al  27,1  5. AO  A. 99  1,92 

50  7.97  26.  »  5.A0  5,7A  3.00  -1.62  27.2  6.23  5.7A  2.25 

75  ^.23  26.A  6. lA  6.53  3,50  -l,b5  27,7  7.11  6.53  2.62 

05  ::.6A  2  7.'‘  7.52  7.93  A. 5?  -2.27  28.3  8.  7A  7.98  3.30 


20SI  no  .  20 


29. 


G  < 

»  O  V 

1 

\E9T  I  A 

lEriSOR 

principal  mop.ents 

'i/C 

X 

Z 

IXX 

I  YY 

IZZ  IXZ 

THEI  A 

IXX 

IVY 

IZZ 

5 

13 

2  A,.  1 

3,21 

A. 37 

3.0A  -1.02 

A2 . 6 

4.15 

A. 37 

2.10 

5 

.  dO 

2A.A 

3,  7 A 

5,35 

3.9A  -1.23 

A7.3 

5.07 

5.35 

2 . 60 

50 

10 

?A,d 

A.  32 

6.16 

A.5;f  -l.Al 

A7.6 

5.87 

6.16 

3.0A 

75 

O.AO 

25,2 

A. 01 

7.0  A 

5.33  -1.60 

48.7 

6.73 

7.0A 

3.51 

0  5 

0.  37 

25.3 

6.  Cl 

d.62 

6.68  -1.95 

49.9 

8.32 

8.62 

A. 37 

80. 


I\i‘<7lA  TE.N5GH  PRINCIPAL  MOMENTS 


/  , 

A. 

z 

I  XX 

lYY 

ILL 

IXZ 

TbETA 

IXX 

lYY 

IZZ 

5 

3 . 5  J 

2d.  1 

7.  72 

5.99 

2.15 

O.IA 

-l.A 

7.73 

5.89 

2.15 

25 

3 . 0  1 

2  0  .  9 

9. 47 

7.12 

2.75 

0.16 

-l.A 

9. 48 

7.12 

2. 74 

,  3 

71 

29,5 

U.93 

c.ld 

3.21 

5.19 

-l.A 

10.94 

8.18 

3.2C 

75 

3.81 

jr.  l 

12.50 

9.31 

3.73 

0.21 

-l.A 

12.51 

9.31 

3.73 

15 

1.  )7 

3''.  ) 

15.37 

11.36 

4.7*9 

0.26 

-l.A 

15. 3ft 

11.36 

A. 69 

nLL  RC  SYM«<£rRic  iixy,iyz  are  zero)* 

<,/  li  I ;CHfcS»  IXX, lYY, IZZi f <2  IN  SL06-FT-FT,  THfc I A  IN  VZG, 
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PObITIUM  31 


31. 


w  •  0  # 

INC^TI  A 

RRIYCIHAL  ^'Oy.ci\iTS 

X  1 

IXX 

lYY 

III  IXZ 

THETA 

txx 

lYY 

122 

■3 

7.25  26,6 

3.  55 

4.35 

1.59  -1.41 

27.6 

4.29 

4.33 

0.85 

25 

7.<i7  27.1 

4.  13 

5.30 

2.12  -1.77 

30.1 

5.16 

5.30 

1.09 

50 

U  1  i  27.6 

4.  75 

6.09 

2.47  -2.03 

30.3 

5.93 

6.09 

1.23 

^5 

i.45  2.5.1 

5.45 

6.94 

2.56  -2.32 

30.7 

6.  78 

6.94 

1.50 

5.b2  2H.3 

6.59 

9.49 

3.62  -2.85 

31.2 

8.32 

8.49 

1.90 

ALL 

ocsiiirNS 

ALL  SYvytT^IC 

( IXV, IY2  are  ZERO)# 

X,/ 

I<  IXMtSf 

I  XXt 

I  YY.I/2, 

IX/  IM  SLUG 

-FT-FT 

,  THETA 

^  1-4  1 

DhG. 

VL  Concluding  Statements  and  RecommeKdations  for  Future  Study 

Concluding  Statements 

A  mathematical  model  to  predict  the  inertial  properties  of  the 
human  body  in  any  fixed  body  position  is  within  the  state  of  the  art. 

The  15  segment  model  is  personalized  by  using  25  anthropometric 
dimensions  of  the  individual  subject.  The  dimensions  and  properties 
of  the  segments  are  calculated  using  the  regression  equations  and  the 
anthropometric  dimensions. 

The  results  obtained  using  the  model  are  compared  with  the 
experimental  data  collected  by  North  American  Aviation  on  66  living 
subjects.  The  location  of  the  center  of  gravity  is  generally  predicted 
within  0. 7  inches.  The  moments  of  inertia  are  generally  predicted 
within  10  per  cent. 

The  design  guide  contains  the  inertial  properties  of  5  composite 
percentile  subjects  in  31  body  positions.  These  results  emphasize  the 
importance  of  the  principal  axes.  In  some  positions,  the  principal  axes 
are  rotated  as  much  as  45  degrees  from  the  body  axes.  This  much 
difference  may  affect  the  performance  of  a  Self- Maneuvering  Unit 
drastically.  Extensive  cross-coupling  can  waste  considerable  amounts 
of  fuel  as  the  stabilization  package  compensates  for  spurious  rotations 
resulting  from  the  cross- coupling. 
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RecQmmenrtatiQna  for  Fvitiire  Study 


It  is  rpccn'iuiended  that  further  inyestigation  be  pursued  to 
uie  ioiiowmg  objectives: 

a.  improve  the  mathematical  model 

b.  determine  the  products  of  inertia  of  the  human  body  by  experi¬ 
ment 

c.  improve  the  regression  equations  for  segment  weights 

d.  conduct  a  new  study  of  the  anthropometry  of  fiying  personnel 

The  mathemat’.cal  model  can  be  improved  by  redesigning  the  hand 

and  the  foot  so  that  the  specific  gravity  of  each  segment  is  closer  to 
the  experimental  value.  In  addition,  modifications  can  be  made  in  the 
basic  computer  program  to  include  external  loads  on  the  model  such  as 
tools,  pressure  suit,  or  life  support  equipment. 

The  products  of  inertia  of  the  human  body  can  be  determined  by 
variation  of  the  compound  pendulum  techniques  used  to  determine  the 
center  of  gravity  and  moments  of  inertia.  The  principal  moments  and 
principal  axes  can  then  be  calculated.  These  calculations  would  also 
provide  further  validation  of  the  mathematiciil  model. 

Dissection  of  more  cadavers  is  necessary  to  improve  the  regression 
equations.  Samples  in  the  upper  end  of  the  weight  spectrum  are 
essential  to  increase  the  accuracy  of  the  equations. 

The  requirements  for  anthropometric  dimensions  in  the  design  of 
the  mathematical  model  should  be  considered  when  selecting  measure¬ 
ments  for  a  new  anthropometry  study.  Some  dimensions  not  included 
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in  the  1950  ctudy  are  necessary  for  the  current  version  of  the 
mathematical  model.  Other  dimensions  will  he  required  for  improve¬ 
ment  of  the  model.  These  dimensions  should  be  taken  in  the  new 
survey. 
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Appendix  A 


Description  of  Anthropometric  Dimensions 


The  25  anthropometric  dimensions  described  below  are  some  of 
the  dimensions  taken  during  the  North  American  Aviation  study 
(Ref  27:  55-59).  Reference  is  made  to  the  source  of  each  desc  'iption. 
The  1950  survey  of  Air  Force  flying  personnel  is  given  precedence  in 
selecting  a  source. 


1.  Ankle  Circumference:  Subject  stands.  Holding  the  tape  slightly 
above  the  projection,:?  of  the  ankle  bones,  measure  the  minimum 
circumference  of  the  right  ankle  (Ref  15: 37). 

2.  Axillary  Arm  Circumference:  Subject  stands,  right  arm  initially 
raised  and  then  lowered  after  the  tape  is  in  place.  Holding  the 
tape  in  a  hori7ontal  plane  and  as  high  as  possible  in  the  armpit, 
measure  the  circumference  of  the  upper  arm  (Ref  15:  38). 

3.  Buttock  Depth:  Subject  stands  erect.  Holding  the  anthropometer 
horizontally  at  the  subject's  right  side,  measure  the  depth  of  the 
buttocks  at  the  level  of  the  greatest  rearward  protrusion  (Ref  15:  33). 

4.  Chest  Breadth:  Subject  stands  erect  with  arms  initially  raised  and 
then  lowered  after  the  anthropometer  is  placed.  Measure  the  chest 
breadth  at  the  level  of  the  nipples,  during  normal  breathing 

(Ref  15:  30). 

5.  Chest  Depth:  Subject  stands  erect  with  arms  initially  raised  and 
then  lowered  after  the  anthropometer  is  placed.  Holding  the 
anthropometer  horizontally  on  the  subject's  right  side,  at  the 
level  r  f  the  nipples,  measure  the  chest  depth  during  normal  breath¬ 
ing  (Ref  15:  32). 

6.  Elbow  Circumference:  Subject  stands  with  right  arm  extended. 
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Measure  the  elbow  circumference  holding  the  tape  over  the  olecra¬ 
non  fRpf  27:  56). 

7.  Fist  Circumference:  Subject  makes  a  tight  fist  with  right  hand, 
thiunb  lying  across  the  end  of  the  fist.  Measure  the  fist  circum¬ 
ference  with  tape  passing  over  the  thumb  and  the  knuckles 

CRef  15: 56). 

8.  Forearm  Length  (Lower  Arm  Length):  Subject  stands  with  right 
arm  extended  at  side.  Using  the  anthropometer,  measure  the 
distance  along  the  axis  of  the  lower  arm  between  radiale  and  stylion 
(Ref  27:  57). 

9.  Foot  Length:  Subject  stands  with  right  foot  in  the  foot  box,  weight 
equally  distributed,  foot  just  touching  the  side  and  rear  walls,  and 
long  axis  of  ti;e  foot  parallel  to  the  side  wall.  Using  the  scale  on 
the  base  of  the  foot  box,  measure  the  length  of  the  foot  along  the 
long  axis  (Ref  15: 48). 

10.  Knee  Circumference:  Subject  stands.  Measure  the  right  knee 
circumference  at  the  mid-patella  level  holding  the  tape  in  a 
horizontal  plane  (Ref  27:  57). 

11.  Head  Circumference:  With  tape  paijsing  above  (not  including)  the 
brow  ridges,  measure  the  maximum  circumference  of  the  head 
(Ref  15:71). 

12.  Hip  Breadth:  Subject  stands  erect.  Holding  the  anthropometer 
horizontally,  measure  the  maximum  breadth  of  the  hips  (Ref  15:  31). 

13.  Shoulder  Height  (Acromial  Height):  Subject  stands  erect.  Using 
the  anthropometer,  measure  the  vertical  distance  from  the  floor  to 
the  right  acromion  (Ref  15: 14). 

14.  Sitting  Height:  Subject  sits  erect,  head  oriented  in  the  Frankfort 
plane  and  feet  resting  on  a  surface  so  that  knees  are  bent  at  about 
right  angles.  Usir^  the  anthropometer,  measure  the  vertical 
distance  from  the  sitting  surface  to  ihe  top  of  the  head  by  placing 
the  anthropometer  firmly  against  the  scalp  (Ref  15: 20). 

15.  Sphvrion  Height:  Subject  stands  erect  with  legs  slightly  apart. 
Using  the  measuring  block,  measure  the  vertical  distance  from 
the  floor  to  sphyrion  (Ref  27:  35). 

16.  Stature:  Subject  stands  with  head  oriented  in  the  Frankfort  plane. 
Using  the  anthropometer,  measure  the  vertical  distance  from  the 
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floor  to  the  top  of  the  head  ;y  placing  the  anthropometer  firmly 
against  scalp  (Ref  15: 11). 

u'ubsternale  Height:  Subject  stands  erect.  Using  the  anthropometer, 
measure  the  vertical  distance  from  the  floor  to  the  substernale 
point  at  tlie  lower  edge  of  the  breastbone  (Ref  15: 15). 

18.  Thigh  Circumference:  Subject  stands  with  legs  slightly  apart.  Hold- 
ii^  the  tape  in  r,  horizontal  plane  just  below  the  lowest  point  in  the 
gluteal  furrow,  measure  the  circumference  of  the  right  thigh 

(Ref  15:36). 

19.  Tibiale  Height:  Subject  stands  erect  with  legs  slightly  apart.  Using 
the  anthropometer,  measure  the  vertical  distance  from  the  floor  to 
the  right  tibiale  (Ref  27:  58). 

20.  Trochanteric  Height:  Subject  stands  erect.  Using  the  anthro¬ 
pometer,  measure  the  vertical  distance  from  the  floor  to  the 
trochanterion  on  the  right  side  (Ref  21:  59). 

21.  Upper  Arm  Length:  Subject  stands  with  right  arm  extended  at  side. 
Using  the  arithropometer,  measure  the  distance  along  the  axis  of 
the  upper  arm,  between  the  acromion  and  the  radiale  (Ref  27: 59). 

22.  Weight:  Weigh  nude  subject  on  standard  medical  type  scales 
(Ref  15:11). 

23.  Waist  Breadth:  Subject  stands  erect  with  abdomen  relaxed.  Using 
the  anthropometer,  measure  the  minimum  horizontal  distance 
between  the  points  marking  the  most  lateral  indentation  in  the 
abdomenal  region  (Ref  15:  31). 

Waist  Depth:  Subject  stands  erect  with  abdomen  relaxed.  Hold¬ 
ing  the  anthropomt "er  horizontally  on  the  subjects  right  side, 
measure  the  anterior  to  posterior  distance  of  the  abdomen  at  the 
level  of  the  most  lateral  indentation  waist  points  (Ref  15:  32). 

25.  Wrist  Circumference:  Right  arm  and  hand  extended.  Passing  the 
tape  just  proximal  of  the  styloid  process  of  the  ulna,  measure  the 
minimum  circumference  of  the  wrist  (Ref  15: 40). 
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Properties  of  a  Frustum  of  a  Right  Circular  Cone 

The  right  circular  cone  In  Fig,  1 9  and  the  frustum  of  a  right 
circular  cone  in  Fig.  20  are  related  by: 


h  =  hj  -  h2 


(C-1) 


and: 


111  .  _ 

R  RR  R  -  RR 


(C>2) 


Then: 


hx  =  h _ R_ 


R  -  RR 


(C-3) 


and: 


h2  =  h  RR 


R  -  RR 


(C-4) 


The  centroid  of  the  frustum  is  given  by: 


X  =  h  R^  2R  (RR)  3  (RR)^ 
4  r2  +  R  (RR)  +  (RR)2 


(C-5) 
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FIG.  19 

RIGHT  CIRCULAR  CONES 


FIG.  20 

FRUSTUM  OF  RIGHT  CIRCULAR  CONE 


Let: 


M  =  RR 


R 


(C-6) 


and: 


(7  =  1  +  M  + 


(C-7) 


and: 


(C-8) 


Substituting  equations  C-5,  C-6,  and  C-7  into  the  above  equation, 
we  have: 


rj  =  1  +  2  u  +  3 
4(7 


(C-9) 


The  mass  of  the  cone  of  altitude,  hj.  and  density,  p,  is  given  by: 


Mj  =  p  M  r2  h| 
3 


(C-10) 


The  mass  of  the  cone  of  altitude,  h2,  and  density,  p,  is  given  by: 


M2  =  p  PI  (RR)^  h2 
3 


(c-ii) 


C-4 


Substit’ting  equation  C-3  into  C-IO  and  equation  C-4  into  C-11, 


we  have: 


Ml  =  p  ^ 


3  R  -  RR 


and: 


{C-12) 


M,  =  p  PI  fPR)^  h 
3  R  -  RR 


(C-13) 


The  mass  of  the  frustum  of  altitude,  h,  and  densiiy,  p,  is  then: 

M  =  Ml  -  M.  (C-14) 

Substituting  equations  C-12  and  C-13  into  the  above  equation  and 
simplifying  by  using  equations  C-6  and  C-7,  we  have: 

M  =  p  ^  r2  h  a  (C-15) 

3 

Substituting  equations  C-15  and  C-6  into  equations  C-12  and  C-13: 

Mi  =  M  R  (C-16) 

a  R  -  RR 

and: 

=  M  RR  m2  (C-17) 

^  a  R  -  RR 
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The  cone  of  altitude,  hj,  has  moment  of  inertia  about  the  axis, 
C-C,  through  the  center  of  mass  given  by: 

Ice  =  £  (R^  +  ^2)  (C-18) 

20  4 

The  parallel  axis  transfer  theorem  for  moments  of  inertia; 

1=  Ic.g.  +  Md2  (C-19) 

Using  equation  C"18inC-19,  the  moment  of  inertia  about  the  axis, 
X’  X* ,  is  given  by: 

h<x<  =  Ice  ^ 

where: 

xj  =  .25  hj  (C-21) 

The  cone  of  altitude,  h2,  has  moment  of  inertia  about  the  axis, 
B-B,  through  the  center  of  mass  given  by: 

Ibb  =  £  M2  (  (RR)2  +  )  (C-22) 

20  4 

Using  equation  C-22  in  C-19,  the  moment  of  inertia  about  the  axis, 
X*  X ' ,  is  given  by: 

Vx.  =  Ibb^  “2  (*2^  <C-23) 

C-6 


where: 

X2  =  .25  h2  (C-24) 

The  frustum  of  altitude,  h,  has  moment  of  ineitia  about  the  axis, 
X’X' ,  determined  by  the  difference  of  the  moments  of  inertia  of  the 
large  and  the  small  cone  about  the  axis.  The  moment  of  inertia  of  the 
frustum  is  gi v  en  by: 

^tx»  =  tc  +  ■  ^b  ■  ^2  ^2  +  h)2  (C-25) 

After  rearranging  by  using  equations  C-3,  C-4,  C-6,  C-7,  C-16, 
and  C-17,  we  have: 

Ix*x*  =  ^  JBi  0-  +  M  + 

L  20ct 

+  h^_  (1+3M+6  ix^)\  (C-26) 

10a  J 

Applying  equation  C-19  and  using  C-5  and  C-15,  v/e  have: 


Letting: 

AA  =  9 _  1  -t-  /I  f  +  [A  (C~28) 

20  PI  (j2 


C-7 


and: 


BB  =  3  1+4  u  +  10  +  4  M^_+_ 


(C'29) 


Equation  C-27  can  be  written  as: 


Ixx  =  M  AA  (M)  +  BB 


(C'30) 


The  moment  of  inertia  of  the  frustum  about  the  axis,  Z-Z,  through 
the  center  of  mass  is  given  by: 


l2;3=J-  M  r5  -  (RR)^ 
R^  -  (RR)^ 


(C-31) 


Using  equations  C“6,  C-7,  and  C-15,  we  find: 


Izz  =  2M^  JL 
ph  20  PI 


^2 


(C-32) 


This  can  be  written  as: 


Izz  =  2  A.4 


(€-33) 
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Appendix  D 


Description  of  N.  A.  A.  Body  Positions 


1.  STANDING:  Subject  stands  erect  with  head  oriented  in  the  Franic- 
fort  plane  and  with  arms  hanging  naturally  at  the  sides  as  when 
measuring  stature  (Ref  15: 11). 

2.  STANDING.  ARMS  OVER  HEAD:  Legs,  torso,  and  head  same  as 
position  1:  upper  extremities  raised  over  head,  parallel  to  Z- 
axis;  wrist  axes  parallel  to  X-ax's;  hands  slightly  clenched. 

3.  SPREAD  EAGLE:  Torso  and  head  same  as  position  1:  subject 
against  plane  pai-allel  to  Y-Z  plane;  arms  at  45®  with  Z-axis, 
legs  at  30®  with  Z-axis;  wrist  axes  parallel  to  Y-Z  plane;  hands 
slightly  clenched. 

SITTING:  Upper  legs  and  forearms  parallel  to  the  X-axis; 
upper  arms,  lower  legs  and  spine  parallel  to  the  Z-axis;  soles 
parallel  to  X-Y  plane;  wrist  axes  parallel  to  Z-axis;  head  in 
Frankfort  plane. 

5.  SITTING.  FOREARMS  DOWN:  Same  as  position  4,  except  fore¬ 
arms  parallel  to  Z-axis,  wrist  axes  parallel  to  X-axis. 

6.  SITTING.  THIGHS  ELEVATED:  Same  as  position  4,  except  upper 
leg  angle  approximately  35®  with  Y-Z  plane. 

7.  MERCUR,Y  CONFIGURATION:  Same  as  position  4,  except  100® 
back-thigh  angle,  thigh-leg  angle  112®,  forearm  parallel  to  thigh. 

8.  RELAXED  (WEIGHTLESS):  Position  predicted  to  be  assumed  by  a 
human  relaxed  in  the  weightless  state. 
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COMPUTER  PROGRAM  MODEL  (FORTRAN  III 


C  PGOtL  MATHCMATICAL  MODEL  OF  HUMAN  BODY 

COMMON  N,W,CW,tTAl23 

COMMON  SM»SM*SLtR#RR» Y, DELTA, AMUfAMUSQt SIGMA, ETA, YY 

COMMON  SIAT,CERY,SHLDH,SUPH,SyeH,TROCH,TieF,OPARL 

COMMON  FOAHL,CHtSO,WAISO,BUTTO,ChESB,WAISe,HIPH,AXlLC 

common  ELBC,F0ARC,W«ISC,F1STC,TMIMC,CKN6C,ANKC,SPHYH 

COMMON  FOOT  L , B I ACD , HE  ADC , B I SP  8 , S I TH , C EL  SH 

COMMON  X.#AA,YNAA,ZNAA,XIXX,XIYY,XIZZ 

COMMON  SIXX,SIYY,SIZZ 

COMMON  THETA,SINT,C0ST,D,6,F,O,0T 

CUMMCN  H,X,XCG,CI 

COMMON  XMOO,YMCD,ZMOC 

CO'^MON  XOIFK,YDirR,ZniFU,CUX,ClYY,CIZZ,OIXX,DlYY,CIZZ 

COMMCN  P0IK,PDIY,PUIZ 

COMMON  AL  PH  A , RE  T  A , GAMMA , PMOM 

common  r4ERRCR,MCSAIC,NI,NS,Ll,L2,K 

DIMLNSIO.4  Ste(l^},SM(15),SL( 15} ,R( 15 },RK( l5)fY(15} 

UIMfcNSIUN  DELTA! 151 , AMU (15) ,AMUSQ< 15), SIGMA! 151 

UfMEliSlUN  EIA(15I,YY(15) 

DIMENSION  XNAA(7) ,YNAA( 7 ),ZNAA{ 7 ) 

DIMtNSION  XIXX(7),XIYY(7),XIZZ(7) 

DIMENSION  SIXX(15I,SIYY(15),SIZZ(15) 

DIMENSION  THETAI15,?) ,SI NT ( 15,2 1 ,COST( 15,2 ) 

C  0(3,1),EI3,3),F( 3,3)  ARF  DUMMY  MATRICES 

DIMLNSION  0(3,3),EC3,3),F( 3,3) ,01 3, 3),OT( 3,3) 

OlMtNSIUN  H(15,3),X(15,J),XCG(15,3,7),CI(3,3,7.) 

DI ME  NSI ON  XMC»II|  7 )  ,  V^COll ) , /M0D(7  ) 
dimension  XClFRiri ,YDIFK(7),ZDIFR(7) 

OIMfcNSlON  ClXX(7),CIYY(7l,CIZZ(7) 
dimension  OIXX(7|,OIYY(7),OIZZ(7) 

DIMENSION  PLIX(7),P0IY(7),PDIZ(7I 

dimension  ALRHA|3,7),fiErA( 3, 7 ) ,GAMMA( 3, 7) .PMOMI 3, 7) 
OIMLNSION  .N*:RR(3H!66,A2),M0SAIC(A3,A3I,NII2,A2),NS(66) 
READ  INPUT  lAPE  7, ICO, LI, L2 
100  FORMAT (2 1 51 

CUTPIJT  DESIUEO 

NORMAL  MASTER  CARD  PUNCHED 
L  NO  NC  0  0 

C  NO  YES  0  1 

C  YE  S  f.*'  10 

c  ylS  >»:s  i  i 

NC  =  1 

I  SENSE  light  0 
IE(Ll-l)3,2,3 
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?.  seNse  LiuHT  i 

3  IF(L2-n5,4,4 

4  StNSE  LIGHT  2 

*>  RCAD  INPUT  TAPE  2fl01»N»W 

101  FORHATI I5,4X*F6.l I 

HEAD  INPUT  TAPE  2«lC?tSTAT,CFRVtSHL0H,SUPHtSUBH«TR0CH» 

1  TIBH,UPARL,FOARLfCHESO>liAISCtBUTTOtCHESBtWAISB» 

2  HIPHtAXILCtCLHCtFOARCtMRISCtFISTCtTHlHC.GKNEC. 

3  A  NKC • S  PHYH , FOOT  L 1 6 1 AGO*  HE  ADC#  D I SPB  *  S I TH 

102  FURHATC14F5,1) 

READ  INPUT  TAPE  2, IC3«XNAA»2NAA,XIXX»XIYY»XIZZ 

103  F0RMATI7F5.0) 

NSCNC)=N 
CALL  DESIGN 
00  6  1*1,15 
00  6  J*l,2 

6  THETAd 
K=l 

7  CALL  EULER 
CALL  MCDMOM 
K*K*1 

IF(K-8) 7,8,7 
«  CALL  OUTPUT 
IFIN-21>9,10,9 
9  NC=NC*1 
GU  10  I 

10  CALL  ANALY2 
CALL  EXIT 
END 


SUBROUTINE  DESIGN 
CGPMCN  N,W,CW,ETA123 

COMMON  SR , SP, SL , R , RR , Y, DEL T A, AMU, AMUSO, S I GMA, ETA, YY 
COMMON  ST AT ,CcRV , SHLDH, SUPH, SUBH, TROCH, T IBH , UP ARL 
COMMON  F0ARL,CH5S0,MAIS(},BUrT0,CHESB,WAISB,HlPB,AXiLC 
COMMON  eLBC,FCARC,MRISC,FISTC,rMlMC,GKNEC, AMKC,SPHYH 
COMMON  FUOTL.ni acc,hcadc,bispb,sith,oelsh 
COMMON  XNAA,YNAA,ZNAA,XIXX,XIYY,XIZZ 

COMMON  sixx,siYy,sizz 

COMMON  THETA, SI  NT, COST, D,E,F,0,0T 


COMMON  H,X,XCG,CI 
COMMON  XMOO,YMQO,ZMOe 

COWMCN  X0IFR,YDIFR,ZCIFR,CIXX,C!YY,CIZZ,0IXX,DIYY,DIZZ 
COMMON  POIX,POI Y,POIZ 


COMMON  ALPHA.BCr A,GAMMA,PMOM 
common  NERRCR,MaSAIC,Nl,NS,Ll,L2,K 
DIMENSION  SW(15l,SM(i5} ,SL(15},R( 13),RK( l5l,Yf 15) 
OeLTA(15),^MU(l5),AMUSC(15l,SIGMAf 15) 
ETAI15),YY(15) 

XNAA(7),YNAA(7),ZNAA(7) 
XIX<I7),XIYY(7),XIZZC7) 

SI  XXI 15),SIYYC15),SIZZC 15) 


DIMENSION 

DIMENSION 

DIMENSION 

dimension 

DIMENSION 


Olf^^NStON  THPTA(15,?},Sli4r(  15f2}»COST(iS,2) 

L  0(3t3)tE(3«3)tF(3.3)  AHE  DUMMY  MAfRiCES 

dimension  Unf3l,EI3«3l,E(3,3)tn(3,3)«OTf  3.3} 
DIMENSiUN  Ha5f3ltX(15»3ltXCG(l5,3t7l,CIf  3t3»7} 
DIMENSION  XMOU(7),YMQDI7)»ZMOD(7| 

DIMENSION  XDlfR(7l,YOlFRif)«£OlFR{7l 
DIMENSION  C1XX(7}«CIVYI7I,CI2Z(7} 

DIMuNSION  DIXXf7l,OlYY(7},OIZZ(7| 
dimension  PUiXf  7l«i>0IY(7)»P01Z(7) 

DIMENSION  ALPHA(3*7}«BETAI3*7|,GAMMA(3t7),PMOM(3*7) 

UIMENSIQN  NhRR0R{66,42)tM0SAIC{A3,43l,Nn2f A2}«NSt66) 

PI«3. 1415927 

TliOPI»2**PI 

Cl*PI/3. 

02*62.427/1723. 

C  DESIGN  MODEL  MAN  BY  USING  ANTHROPOMETRIC  DIMENSIONS 
C  APPL.  BARTER  REGRESSION  EQUATION  TO  SUBJECT  REIGHT 

1  HNr*{.47»*fl4t2. 

HUA*(.03«tfl>2.9 
BFO*(.34*t«}-.5 
hH*I  .Ol^WK.T 
BUL*t.l8*Wl43.2 
BLL*I. 11*111-1.9 
BF*I.02*WI*1.5 

WOIFF*il-lHNT*EUA4eFO*BU*BUL*BLL4fiFI 
«iR*UDI  FF/  (HNT4BUA*3F0*BH*BUL43tL*BF  I 
NRUl.^RR 

C  distribute  ROIFF  PROPORTIONALLY  OVER  ALL  SEGMENTS 

2  SiiIil*.C79*R 
SW23*HNT«I<K1-SR(1) 

SUl4}«BH*WRl/2. 

SR(6}*BUA*WRl/2. 

SNf6t*BF0*MRl/2. 

SW(10l*BUL*»tRl/2. 

Swfl2l*BLL*fcRl/2. 

Swfl4|*HF*WRl/2. 

C  DEVELOPMENT  OF  HEAD 

3  1*1 

Rin*ISTAT-SHLOHl/2. 

RR(n*IIEAOC/TWOPI 

OELTA(II»S«(II/RR(I J/RRf n/R( I)/Cl/4. 

SLfi l*7.*R(I) 

ETAUM.5 

Yin=Rm 

C  DEVELOPMENT  OF  TRUNK 

SLf2l*SHLOH-SUBH 
SL(3I*SITH-(STAT-SUBH| 

Rf2}*CHESa/2. 

Rf3l*HIP«/2. 

RHl2}*(CHESC>RAlS0l/4. 

RRf3)*(t«AlSC*HUTTC)/4. 

ETAf2I*.5 

ETAI3>*.5 

VI2l*£IAi2)*SLf2l 
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Yp»*SrAl3»«SL(3» 

litLf  Af2)*Sh23/?I/<R{2|.RR(2)*SLI  2) 

1  3}  •K><(3|«SL(  3} } 

DbL  f  A (3)»l.Ol/.9?«oeLTA(2l 
SKC2 I *0tLTA(2) •R12 ) •R ^(2) »SL (2 t»Pi 
SW(  3 )  *DELT  A(3MR(3}«RR(3)»si^(3)«PI 
OeVbLOPMEi^T  PF  HASOS 

HdlxfiSTC/TWOPI 
RftCUsRf  I  } 

SL( i I *2.«Rr ( I  ) 
eiAi ii=,5 
VCn=ETAtn*SLCI» 

SW(I )«Sh(4) 

*=Sw(I  )/R(n/R(l)/RH 

l=t) 

on  TV  <5,6|,IJ 
ObVtLflPMtNT  CF  UPPtrP  A»#MS 
i  IJ=1 
1  =  6 

53(1  l=AXlLC/rW0PI 
5  -ifLBC/TWCPi 
SlCI )=UPAKL 

OQ  TC  20 

DEvCLOPPENf  Cf  FOREARMS 
?  IJ=2 
i  *f» 

KtlJsEl.bC/TWCPI 
JIR(I  l*wftISC/TKf)PI 
SL(I IsFUARL 

uO  TO  20 

UtVeLOPMENT  OF  OPPfcK  LFGS 

IJ=3 

i=i: 

•<(n  =  THlHC/lhCPI 
J=f.KfyiEC/rwOPI 
SL(n=STAT-SnH-TILH 

00  K.i  20 

OCVcLOPMENT  or  LOKJR  LbGS 
I  J=4 
1=12 

>3Cn=GKNEC/lFCP| 

-^Kd  »»A^JKC/TKCPI 
Stt I )=rihH-SPHYH 

G  =  Kd  J*R(  d+RC  I  MRjU  IdRKi  I  )*t<R(  I  } 

OELfAddSNdl/SUn/G/Cl 

A.ML't  I  I=«Kd  l/RC  n 
AMUSi«{  I  l=AMt;(  1 1  •AMU{  I  ) 

SI(;MA{  I  l  =  l,«AMU(  I  dAM.USCf  1  I 

yuHirlini’sun' '  i 

00  10  (6#lO,12fl4) , IJ 
OEVfcLOPHENT  OF  FEET 
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n  n 


14  1*14 

SLcn«FuorL 
ETAtf )*.429 

Yf  n*erA(n«sLU} 

G*1.-2.«£TA{I  j>SCftTE(£TACn«ETA(  n 

I  *C-l2.)*l2.*ErACn-2.» 

AMUf 1 }*i4««brAf I J-l.J/G 
AMUSG(n«AMtif  IMAMUCn 
SlGMAf l}*1.4AMU(t}4AMUS0(I I 
ain*sPMYM/2. 

RHin«ANun  1*^(1 1 

&»Rin«K(I}«R{IMaR(I}4Rftl  I  URRtn 
DELTA(I}*$UfII/SL(l}/G/Cl 

30  00  31  I*7»15,2 
su{i}*siin*ii 
0t;i.TAin*0ELTAf  1-1) 

Rn)*RCI-l) 

RR{n<RRCI>l) 

SL(I)*SLI1-1) 

AMUin*AMU(I'l) 

ANUSO(I)»AKU$ti(I-l) 

SIGHAni«SIG»<A(t-l) 

ErAn)*ETA(l-l) 

31  YiI)*Yn-l) 

40  00  41  1*1,5 
AMUII}*0. 

AMOSQf  IMO. 

41  SIGMA  (n*o» 

C  CALCULATE  SEGMENT  HASS  AMO  HASS  OEflSlTY 
C  CHECK  SUM  OF  SEGMENT  HEIGHTS  EQUAL  TO  BODY  WEIGHT 
CW*C. 

50  00  51  1*1,15 
SM{I)*Swll)/32.2 
OELTAI I )*OELTAf I )/32.2 

51  CW*CW4SW(I) 

OETERHINATICN  of  local  MOMENTS  OF  INERTIA  OF  SEGMENTS 
HEAD 
l*l 

SIXXfl)«.2«SMCl)*|RfI)«Rin4RKlI)«RRf  D) 
SIYYII)*S1XXI1) 

SIZ2lI)*.4«SMf I)«RRf I)«RRf 1) 

C  UPPER  TORSO  AND  LOWER  TORSO 
00  52  1*2,3 

SIXXlI)*SMf n*(3.»K(I)*R( I)4SLI I)«SL{1))/12. 
SlYY(I)*SMf  1)*I3.*RRI  n«RRf  I)4SLf  I)*SLn))/12. 

57  SI  2/  ( 1)  *SM 1 1 ) •(  RRI I  )  •Rk ( I )  4RI I ) •RI I  )  )/4. 

C  HAf^OS 

I  *4 

sixxin*.4*SHf  n«R(  n»Rn) 

siYYfi)*sixxin 

siz2fn*sixx(n 

C  UPPER  AND  LCWER  ARMS  ANC  LEGS,  AND  FEET 

00  53  1*6,14,2 

AA*9.*I1.<4AMU( I )4AMUSCf I )•! 1.4AMUI 1 )4AMUSUf III) 
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I  /SIGMA{IJ/SIGMACI»/20./PI 

Bd«3.*i  I  )>AMUSG(  I  }•(  10.^4.»AMUt  1  )^AMUSQ(  1)).) 

1  /SIGMA(I}/SIGMACI)/80. 

sixx(n^sP(i)*CAA«sMcn/o€tTAc  n/SLC  i»^B8»SL(  n*SLun 

SlYYC  IMSIXXCII 

53  SUZf  n«2.»SM{n«SH(n»AA/0kLTA(  I)/SLCn 
C  COPPiert  REPAIVOER  OF  SCGME!YTS 

DO  54  1*5,15,2 

sixxf  n*sixxc  i-i» 

SlYYi  n=SIYY(  i-n 

54  SIZZCJI*SIZZt l-ll 

C  CtNieR  OF  GRAVITY  OF  He/>0,NECK  AND  TRUNK 
EII,1»*SM(1I«Y{1| 
t:(l,2)>SU(2)«(SL(l}«Y(2)  t 
E(l,3)=SW(3}«(SL(ll4St.(2I^YI3l  I 

fcTAl23*I£Cl,l)4Ea,2l+Etl,3n/I  SIIID^SWIZI  +  Sii!  31) 

I  /(STAT-TKOCH) 

C  CONVERT  DENSITY  TO  SPECiFIC  GRAVITY 
DO  55  1*1,15 

55  OELTAn)*OELTA(I)»32.2/C2 

C  OiiFlNE  DISTANCES  OF  LOCAL  CG  FROP  HINGE  POINT 

OeLSH»SI IH- CSTAT-TROCHl 
DO  60  1*1,15 
50  YYCl)  =  Y(n 

YYI6I*Y(6)~R(6I 
YY(10)*Y(10)40ELSH 
YYU4)*0. 
no  61  1*7,15,4 
61  YYUI*Yf{|-l) 

C  DETERMINE  FIXED  HInGC  POINTS 
00  67  1*1,15 
DO  67  J*l,3 
67  H(I,J)*0. 

H(6,2)*CHESU/2,4RC6I 
HI6, 3)=STAT-SHL0H4KC6) 

HIlO,2l=HIPH/2.-RllO) 

H(10,3I*SL(1I4SL(2»4SL(3I-0£LSH 
DO  68  1*7,11,4 
H(1 ,2)=-Hn-l,2l 
6S  H(I,3)*H{ 1-1,3) 

RETURN 

EMC 


SUBROUTINE  EULER 
COMMON  N,k,Ct«,ErA123 

COMMON  SM, SM, SL, K,KR,Y, CELT A, AMU, AMUSQ, SIGMA, ETA, YY 
COMMON  STAT,CEKV,SHLDH,SUPH,SUbH,TROCH,TIBF,UPARL 
COMMON  FOARL,CHcSO,BAISn,BUTTO,CHESB,WAISB,HlPR,AXlLC 
COMMON  tLBC ,FOARC,«R I SC,HSTC, THIHC,GKNEC, ANKC,SPHYH 
r IMMON  FOOT  L , 81 ACO, HE  ADC, B I SP8 , S I TH, DELSH 
CUMMON  XNAA,YNAA,ZNAA,XIXX,XIYY,XIZZ 
COMMON  SIXX,SIYY,SIZ/ 
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COMMON  lHErA,SlNT«COST,OtEtF,0,OT  { 

COMMON  HtXtXCGtCI  | 

common  XMOO,YMCO.ZMOf)  I 

COMMON  XDlFK»Y0IFR»20irK,.C!XX,CIYY,CIZZf01XX«CIYY^0IZ2  I 
COMMON  P0IX,P0IY»P0IZ  I 

COMMON  ALPMAfSETAfGAMMAtPMOM  I 

COMMON  NERROR»MOSAICtNl»NStLl«L2»K  | 

DIMENSION  SkllSItSMIlSI.SLf 15ltft(lSttRR(l5l«Yll5)  I 

DIMENSION  0ELTA(1SI.AMUC15),AMUSC(15)*SIGMA(15I  I 

DIMENSION  £TAUS)fYY(15l  f 

DIMENSION  XNAA|7l»YNAAf 7}«ZNAAI7}  | 

DIMENSION  XIXX(7l,XIYY(7}.XlZZf7)  | 

DIMENSION  SIXXIlSItSIYYIlSI.SlZZf 15)  I 

OIMENSIOT)  THETAfl5,2)»SINTf  15»2)»COSTf  15t2)  \ 

0(3t3)tEC3t3)fF(3,3)  ARE  DUMMY  MATRICES  ( 

DIMENSION  0(3,3),E(3,3),F(3,3),OI3«3)tOT(3«3)  i 

DIMENSION  Hfl5«3).X|l5t3}tXCGCt5«3«7)«CIC3t3t7)  f 

DIMENSION  XM00(7),YM00(7)»ZM00(7)  ‘ 

DIMENSION  X0lFRf7)tY0IFR(7)  tZOlFRU)  | 

DIMENSION  CIXXf7)«CiyY(7)«CIZZI7) 

DIMENSION  DIXXf7)fOIYY(7),DIZZf7)  I 

DIMENSION  POIXf 7)*POIY|7},PDIZ(7) 

DIMENSION  ALPHA! 3»7 ) tOETAI 3.7) •GAMMA! 3*7) •PMOM(3t 7) 
dimension  NERRCR(66«42)tM0SAICfA3t43),NI!2t42)»NSI66) 
ESTABLISH  EuLER  ANGLES 
PI*3. 1415927 
C3*PI/180, 

K«K 

GO  fO  fl*4«6t9»12,14»17)«K 


standing 

1  K*l 

DO  2  I»I0»12»2 

THETACI *l )*-ATANF( {HC10»2)-kf 14) )/ 

I  <OELSH4SL(IO)4^SL(12)^:iI14)}) 

2  THETAlX4l,l)s-THETAf !•!) 

DO  3  I>14tl5 

DO  3  J«l,2 

3  TtlETAlI,J)<9C.«C3  f 

GO  TC  21  I 

STANDING,  ARMS  CVER  HEAD  I 

4  K*2  I 

DO  5  1=4,9  f 

5  TH£TA(1,I)=1A0«»C3  | 

GO  TC  21  I 

SPREAD  EAGLE  I 

6  K=3  £ 

DO  7  I«4,8,2  I 

|HETA!I,1)*135,*C3  f 

THcTAU4l,l)»-135,*C3  I 

TH£rA(I,2)=C>.  I 

7  THETA! 141,2 )*0.  I 

DO  6  1=10, 12»2  I 

rH£TA!I,l)«30.«C3  I 

THETA{l4l,l)»30.»C3  I 


THe!ACI,2)=C. 
i  THtTACUl,2)  =  laO.*C3 
i»o  ra  21 

C  SlTTIfn 

9  K=4 

00  10  I=8»ll 
UO  10  j»l,2 
THtrA(I-4, J|*90.*C3 
i:  THL-FAd, 31*90. *C3 
OU  11  i>6#12>6 
UO  11  Jsi,2 

II  THETAn^l,J)xO. 

00  TO  21 

'  SITTINft,  forearms  down 

I?  K  =  5 

00  13  1*8,0 
00  13  J*l,? 
rn£TA(I-4,J)*a. 

13  THtTA( 1 , Jjsc. 

00  TO  21 

SITTING  ,  THIGHS  ELEVATED 

14  K*6 

OC  15  1=6,9 
OC  15  J=l,2 
THETAI 1-4 ,31=90. *03 

15  fHETAII, 31=90. .03 

UO  16  1=10,11 

rHEIAI I , 11=145. #03 

16  The T AC  I, 2 1=90, *03 
GO  jn  21 

McKCUHf  ROSiriON 

17  K  =  7 

00  18  1*4,5 
FHEr  A{ I , 1 1  =  6C.«C3 
I”  FHEIaCI ,21=90. *03 
on  19  1=6, U 
THtTAC I »1 1=80. *€3 
19  THETACI ,21=90. •C3 
no  20  1=12,13 

rHETACI, 11=12. ,C3 
2n  TllETAC  I  ,21=90.  *03 

CALLOLATC  SINE  3N1)  COS  OF  EULER 
21  U(3  22  I  =1,1 5  -  ^  tULtK  .V,GLES 

00  22  3=1,2 

SI VT{ I, 3) =s INF ( THE TAC I, 3?) 

^2  COST ( I , 31 *CLSF( ThET AC  1 , 3 1 1 

RtTOKN 

L'i'2. 


suhkoutinl  MCCMCM 

COfHCN  N,i«,CVi,tTAl2  3 
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COMMON  SM •  SM» SL t ft t t Y •  OELT A«  AMU t AMUSQ. $ IGMA, ET A » Y Y 

CQMMQN  ST  at  tCEP.y  tSHLDHtSUPHfSUBHtTRQCHt  TlBHtUPARL 

COMMON  F6AftL»CHESO,WAISO*BUTTO,CH£SBtWAIS&tHlPB,AXlLC 

COMMON  ELBC  tEO ARC • WR  t  SC  t  F I STC  t  THIHC  t GXNEC • ANKC«  $PHYH 

CQMMQN  F001 I, BI ACOt HEAOC, B ISPB, S ITH, CELSH 

COMMON  XNAA»YNAA,ZNAA,XIXX,XIYY«XIZZ 

COMMON  S1XX,SIYY,SIZZ 

COMMON  THETA,SINT«C(IST,DtE«F»OtOT 

COMMON  Hi^XtXCGtCt 

COMMON  XMOO»YMGOtZMOO 

COMMON  X0IFft*Y01FR,ZDIFR,ClXX,CIYY,CIZZtDlXX,0IYY»DIZZ 
COMMON  PUlX,POlYfPOI/ 

COMMON  ALPHA, BETA, GAMMA.PMOM 
COMMON  NERkCR,M0SAIC,NI,NS,LltL2,K 
UIMENSION  SW(l5),SM{15),SL{15},R(15),ftRf 15),Y(1S} 
UIMLNSION  OELTA(l5).AMU(15},AMUSC( ISltSiGMAC 151 
DIMENSION  ETA(15),YY(15) 

DIMENSION  XNAA(7),YNAA{7),ZNAA(7I 
DIMENSION  XIXX(7},XIYYf7),XIZZf7) 

DIMENSION  SIXXdSI.SlYVClSItSIZZf  151 
DIMENSION  THErAll5,2),SiNT( 15, 2 ),COST( 15, 2 } 

C  Of3,3l,E(3,)l,F(3,3)  ARE  DUMMY  MATRICES 

DIMENSION  D(3,3),E(3,3),F(3,3),0(3,3),0T(3,3) 
dimension  Hfl 5,3 t,XC 15,31 .XCGI 15, 3, 7},CI ( 3, 3, 7) 
DIMENSION  XF00(7),YMC0|7),ZMC0(/I 
DIMENSION  XCIFRC7l,Y0ir«l7),Z01FRI7l 
DIM£NSI(1{4  ClXXf7},C|YY(7),CIZZ(7} 

DIMENSION  0IXX(7),0IYY(7I,0IZZ(7) 

DIMENSION  POlX(7),POiyt7),POIZ(7} 

0 1 me  NSI ON  ALPHA  f  3, 7 ) , BET  A ( 3 , 7 ) , GAMMA! 3, 7 i , PKOM  C  3, 7 ) 
dimension  NERR0R(66,42l,MnSAICf43,43l,Nl(2,A2),NSf 661 
DIMENSION  EVI3) 

KaK 

PIa3, 1415927 
C3=PI/ltfO, 

C  ZERO  DUMMY  MATRICES  D,E,F 

DO  1  Hal, 3 

00  1  JJ«1,3 

DHI  ,  JJ|aO. 

E(il,JJ)aO. 

1  F!I1,J.J)=0. 

C  ZERO  C.G.  ARRAY 

UU  7  f=l,15 

no  2  Jal,3 

2  XfI,JJ=0, 

C  ZERO  THE  INERTIA  TENSOR  ARRAY 

0«J  3  IIal,3 

00  3  JJal,3 

}  Cl!lI,JJ,K}aC. 

calcolate  hinge  points  of  moveable  segments 

FOR£AR«^S 
00  9  1*8,9 
GsSL(I-2l-RII-2» 

E!l,n*SINTII-2,lI*SlNT(I-2,2» 


6*9 


J 


c<2,l|sSINT(I-?, l)*CaSTC I“2#2) 

ECi,l)-C0STfI-2.lJ 

i)i)  9  J*I,3 

^  H{I,  JMHC 1-2,  J|+C(  J,  U*G 
C  LOWta  LtGS 

00  iO  1=12,13 

G=SL( I-2)^0fcLSM 

eili 11=SINT{ 1-2, l}*srif( 1-2,21 

EC 2,  n=SlNr(I-2,n«CCSTCI-2,2l 

E(3,n=CUST{I-2,lJ 

00  10  J=l,3 

10  H(  I,  J)  =  H(  1-2,  JUEC  J,  1  )*0 

C  HACUS 

OtJ  11  1=4,5 
',=  SLCI*4) 

ECl, n=SlMr( I>4, l)«SlNr(!44,2) 

EC  2,n=SINT(I+4,  l)*CnST(  1*4,2) 
E(3,1)=C0STCI*4,1) 

00  11  J=l,3 

11  H(I,J)=H(I*A,J)*E(J,1)»G 

C  FEET 

00  12  1=14,15 

*i=SL(  1-2)*.  5»SFhVH 

£(1,  l)=SlNT(I-2,ll«SI\JrCI-?,2) 

E (2, 1)=SI NT (1-2,1) *005X11-2,2) 

CC 3,l)=COSI(I-2,l ) 

00  12  J=l,3 

12  H(I,j)=H(I-2,J)*e(  J,l)*(; 

C  OETt RHINE  CCGRD  CF  SEGMENT  CG  WRT  TOP  OF  HEAC 
XCl,3)=Y( 1) 

X(2,3)=SL(l)*Y(2) 

XC3,3)=SL(1 )*SL(2)*Y(3) 

00  13  1=4,15 
G=YY(  I  ) 

F  C I ,  I )  =  SI  NT  C I  ,  1 )  *5  1  NT  { I  ,  2 ) 

F(2,1)=SINT(I,1 l*C0ST(I,2) 

r(3,l)=C0STCI,l) 

00  13  J=l,3 

13  X( 1, J)=hC I, J)*F( J, I )*G 
YiAA(K>=0- 

XMC0{K)=2,144323*0. 1521h04*^AISU 

YM00(K)=0. 

ZKa0(K)=0. 

00  14  1=1,15 

XMGO(K)=XMOC(K)*Sv.t  n*X  I  !,!)/« 
YMuOCK)=yMGL(K)*SW( !)*<( I,2)/W 

14  ZMCUlK)=ZM,OL  (K)*SW(  n*X(  1,3)/W 

r.  OfrTtKMiNt  tCORO  CF  SFriXLNT  CG  WKT  CALC  CG 

Ut  15  1=1,15 

XCGC  I  ,1  ,K)  =  X(  I  ,1  )-{XV!OCCK)-xyOO(  1  )  ) 

XcoC  I  ,2,K)  =  X(  I  ,2)-Yy(:0(K) 

15  xcr,(  I  ,  3,K)  =  X(  I  ,  3)-ZMC0(K) 
on  30  1=1,15 

C  AKKANGu  local  ns  INTO  DUMMY  MATRIX  (3  X  3) 


L-IC 


I 

! 

£ 

I 

1 

I 

I 


i 


DO  24 

00  24  JJ<1,3 

24  Ddl, JJ}=0. 

DClflMSIXXtn 

0(2#2)*SIYV|II 

0(3t3)«SiZZCn 

C  A|<KANGE  TRANSFO<<M4TIO;4  MATRIX 

25  0(l,l)«C0Sr(I,2) 

0(lf2)<SlNT(I«2t*C0Srn»U 
Cll,3)<SlNTn*2)«SiNT(  1,1) 
a{2,i)*-sinT(i,2) 

0(2,21 *COST (1,2) *CnST (1,1) 

0(2.3)*COST(1 ,2)*SI.'(T(  1,1) 

C(3,l )*0. 

0(3,2l=-SIf4T(I,l) 

G(3,3)»COST(I,l  ) 

C  fKANSMOSe  TMF  TRANSFORMAriO!^  MAIKIX 

26  CT(l,l)*C(l,l) 

CT(1,2)^U(2,1) 

0T(l,3)=a(i,l ) 
aT(2, 11=0(1, 2? 

0r(2,2)=0(2,?) 

0T(2,3)=O(3,2) 

Ur(3,l)=0(l,3) 

0T(3,2)=0(2,3) 

CT(3,3)*0(3,3) 

CALL  HyMPY(U,OT,E,3,3,3,LM) 

CALL  HHMPY(C,e,F,3,3,3,LM) 

C  F(3,3)  IS  LOCAL  ROTATfcD  PARALLEL  TO  bCOY  AXCS 

C  transfer  ru  CALC  CG  PY  PARALLEL  AXIS  IHEORCM 

0(1,1 )=XCG( 1,2, K)*XCG( 1,2, K)»XCG( I, 3,K ) •XCG( 1 , 3,K ) 
0(l,2)=-XCG(I,l,K)»XCii(  I,2,K) 

D( 1, 3)=-XCG(I ,l,K)*XC3( I,3,K ) 

0(2,l)=0(l,2) 

0(2,2 )=XCG( I,l,K)*XCG( I,1,K)4XCG( I, 3,K )>XCG( I , 3,K ) 
U(2,3)=-XCG( I,2,K)*XCG(I,3,K) 

U(3,1)=U(1,3) 

0(3,21=0(2,3) 

D(3,3)=XCG( I,1,K)«XCG( I, 1,K)«XCG( I,2,K )*XCG( I,2,K) 

0(]  30  11  =  1,3 
OC  30  JJ=1,3 

0(11 ,JJ)=SM( I ) *0(11,3 J)/144, 

F(II, JJ)=F( II,JJ)/144. 

30  CI(II,JJ,K)=C1(I!,J3,K)*F( II,33)iO( n,JJ) 

OU  32  11=1,3 

00  32  33=1,3 

IF(AbSF(CI { II,33,K) )-l.h-07)31,31,32 

31  CKIl  ,J3,K)=0. 

32  CONTINUE 

C  CJJNVLRT  NAA  MOMENTS  TO  ScUG-FT-FT 
X1XX(X)=XIXX(K)/12. 

*!YY(K)=XIYY(K)/12. 

XIZ2(K)=XIZZ(K)/1?. 

C  CALCOLAIi.  DIFFERENCE  HCTWEEN  MODEL  C.G.  AND  NAA  C.G. 


i 


I 


f 


E-ll 


XOIFn(K|a<MCD(K l-XNAA(K) 

YOIFM  (K}  =  YWC!J(K)-YNAA{K) 

ZDir«(K):»ZMCCU)-IMAACK) 

C  CnLCULAffc  OiFFCKtNChS  AMO  PtKCENTAGl'  DIFF£RfcNCtS 

C  fttTwFCN  MOOCL  MOMEMTS  AMO  MAA  MOVEMTS 

Cl  <x<Ki=cnui,K) 

':iYY{K)=CI{2,2,K) 

CIZZIKJ=CI(:3,3,K) 

OIX<(K)*CUX(K)-XI  XX(K» 
t)I  YY{K>sClYY|K»-XlYY(K» 

OIZZ(K|sCI2Z(K»-XIZZ(K) 

POlX(K|=UIXX{K)/XIXX(K)»lOO, 

PUI  Y(K>=DIYY{K|/XI  YYUI  *100. 

P'>IZ(K)=UIZZrK)/XlZZ{K|*lOO. 

C  CALCULATE  PhI  JCIPAL  VdfcMTS  AND  AX'^S 

OJ  11=1,3 
OfJ  34  JJsl,3 
34  l)(U  (II, JJ,!*  ) 

CALL  EI(,CN(  C,C,ey,  3,6  ) 

P.‘^U.?(  l,K)=tV(U 
P‘U:m(2.A)=£v(21 
P''CM{3,K>:iEV(  31 
J'J  35  11  =  1,3 

ALPHA  (n,K|=ACriS(e(  II,l))/C3 
BETA  1 1!  ,M  =  ACQS(L-(II,2n/C3 

36  ,AMv.A(U,KIsACCS(e(  Il,3n/C3 

C  Ak.<ANGC  lk-xlr  table 

>i!.KKOR(N,K)=XHXF(  10.*XUlFR(K|4SIGflF(  .5,XDIFR(K))  ) 
.\ic}<R(5R(\,K47I  =  XFlXF(  10.*YDIFK(K)4SIGNF(  .5,  YDIFR(K)  )  I 
nl:<kok(n,k4  14)=xfixk  i:*.*zuif«ck)4signf(  .^tZCiFkiKi  n 
MCRRnR(N,K4?ll  =  <rixF(P0IXCK  I4SIGNF(  .5,PDIX(Kn  I 
MtRf4nR(.'i,K42bJ  =  XFlXF(PClY(K|4SIGNFC  .5,PDIY(K)  I ) 

37  JUkKOKi  4,K4?.5  )=XFIXF(  POIZ  IK  )4S1GNF(  ,5,PDIZ(K  n  » 

.■<LrURN 

^  I'-: 


-HkPPY  ^»AT!<IX  VULTIPLICATiaN,  SINGLE  PRECISION,  FL  •  PT 
t  CALLING  SECUENCE.*. 

C  CALL  HMNPY(  A,fi,C,.«,K,N,L) 

C  WHERE  C(^,^}  =  A('1,><)«^{K,N) 

'•  MAY  kL  a,  in  which  case  a  is  DESTROYED) 

C  L  =  C-  lNi)ICA|rs  OK 

L  =  1  INOICATES  FL.  PT.  OYERFLOW 
SUPkOUTI  il  E.v^pyca,.  ,C,P,f.,M,LI 
CIMLNSICN  A(3,3),B{3,3),C(  .3,;M,H(3) 

P  V  .V 
KK=K 

LL  =  0 

Ci;  123  I  =  l,ff' 

Ui;  IP'O  J  =  1,NN 

;u  j) =0. 


r>12 


DO  100  Kl=l,KR 

ICO  K(  J)-A(  I,Kn«B(Kl»  JU!<(  J) 

00  110 

no  CCI»J»=K{J| 

IF  ACCUMULAIOR  OVERFLOW  I30fl20 
120  continue 
125  L=LL 

RETURN 
120  LL=l 

NO  TO  125 
fcNO 


SUHkOUriNE  CIGENlA.Cf U,NA*L  » 
OIVhNSION  AC3#3) ,E( 3, 3),GI 3» 

N=NA 

uo  no  i=i#N 

00  100  J=ltN 
ICO  u(I.J)=0.0 
no  En,n=i.o 

F  \!=0.0 
F  10=0.0 
O.J  130  1=1, ^ 

!i<J  120  J=l,N 
FN=FN>A(f ,JI«*2 
12C  F -10=FN0+A(I  ,JU»2 
liC  F  10=FN0-An  ,  n«*2 

F  ^=FN*0.5*I  10.**{-Ln 
IF  (FN)-FNI240,240,135 
135  Di)  230  1  =  1, K 
OU  23C  J*l,N 
IF  n-Jj  140,230,140 
no  IF  lAlI.Jn  150,230,150 
ibo  R=4n  ,n-A(  j,  Ji 

S  =  SwKTF(4|  I  ,J5««2<'0.25»K*R1 
f=A(  I  ,n+A(  j,  ji 
CGSSC=0.5+0.25« </S 
C0STH=SUHTF1CGSSC) 

SI  iT(»=swRTFU.o-cnss:,) 

IF  (ACItJn  160,230, no 
16C  SI  '1TH=-S!  3TF 
170  Ad  ,  I  }=0.5»T^S 
A{  J,  J»=‘).5»T-S 
F  1C=FN2-2.*(A( I , J)*«21 
A(I , Jl=C.O 
DO  220  K=1,N 
IF(I-KndC,2?5,lB0 
lb)  IF  (J-N»  IV.,20G,19C 
ISO  A(  1  ,K|  =A(  I,KJ  •CCSTM  +  AI  J,K>»SI.VTH 
M  .|,K  J  =  AI  J,K)  •COSTH-AIK,  1)  •SINTH 
A(K,  J)=AI  J,M 
2C0  A<K,n=ACI,Rl 
205  T=F(I,'<) 


t-l3 


210  EUtK^sEf  1  ,K)«CGSTH«E(  J,K)«SfNTH 
220  E( JfK)=“T»SINFH^E( J,Kl#CnSTH 
ir  fENO-ENI  240,240,230 
220  CO'^TIN'JE 
(iU  TU  135 
240  UO  230  1=1, N 
J  =  I 

DO  260  K=I,n 

IE(A( J,JI-A(K.K) )250, 260,260 
250  J=K 
260  CONTINUE 

Gn}=A(  j,  ji 
A(j,j)=A(i,n 
SUM=0.0 
00  270  M=1,N 
2/0  SUN=S'JN^L(  J,>'I**2 
SUM=SQSTF<SUK) 

UO  2a0  M=1,N 
A{I,M)=e<J,E)/SU« 

2ri0  :{J,^^I=E(I,^') 

00  290  1*1,  N 
00  290  J*l,*. 

2‘JC  £(I,  J}=A(  I,  J) 

KCTUKN 

e:ju 


SUBRCUflNE  CUTPUT 
COMECN  N,W,CE,ETA123 

COMMON  Sw , S M , SI , R , HR . Y , D£L  T  A , AMU, AMUSC , SIGN6,ErA,YY 
CUMMON  STAT,C6HV,SHLCH,bUPH,SUHH,TR0CH, TIOE,UPARL 
COMMON  FOASL,ChESD, WAIS0,BUTT0,CEESH,WAISB,HIPH,AXILC 
COMMON  ELBC  ,FOARC,Mi<  I  SC  ,F  1  STC,THIHC,  GKNEC,  ANKC,  SPHYh 
COMMON  FOOTL,HI  ACD,HEADC,E.!SPH,SITH,CCLSH 
COMMON  XNAA,YN4A,/NAA,XIXX,X  IYY,XI// 

COMMON  SIXX,SIYY,SI// 

COMMON  THETA,SINT,Cr.ST,D,e,E,C,CT 
CUMMCN  H,X,XCG,CI 
COMMON  XN0D,Y«00,/Mnn 

COM^flN  XUIFO, Y0IFR,2CIFR,CIXX,CIYY,CIZZ,CIXX,DIYY,DIZ2 
ccmmon  PDIX,PCI Y.PDIZ 


CO'^MON  ALPHA, BETA, GA^'MA,  PMOM 


COMMON  NeRKCR,MaSAlt,Nl,NS,Ll,L2,K 


Ul  wETiSION 
01  ml  NS I  ON 
0  ML  NS  1 00 
0 1  Mt  rJS  I  ON 
DIMENSION 
UMENSION 
DMlnSION 


OlMENSIiJN 

DIMENSION 


S,«{15),SM(  15)  ,SLI  15),R(  l5»,Krt(  l5),Yn5l 
DLLTAI 15) ,AMU(15  >, AMOSCI 15),S1GMA( 15) 
LTA(15),YYC 15) 

XNAAf  7), YNAAI 7) ,/NAA( 7) 
XIXX(7),XIYY(7),XIZZ(7I 
SIXXIIS) ,SIYY( 15 ) ,SIZZC 15) 
THEr4{15,ri,SlNTI I 5, 2), COST! 15,2) 

U! J,  i) ,E( 3, 2) ,f < 3,3)  ARE  DUMMY  MATRICES 
013,3)  ,E{  3, 3)  ,Ft  3,3),0(3,3),rjT(  3,3) 
H(15, 5),X(15,3),XCC(  15,3,  7), Cn  3,  3,7) 


t-14 


I  dimension  XMdDt  n»YriLU(7)*/MOOt7) 

I  DIMENSION  XDlFR{7l»YClFR{7}f7UlER{7) 

I  DIMENSION  CIXXC7I,CIYYI7»,CIZZ(7I 

I  DIMENSION  DIXX(7)»0IYY( 7),OIZZ( 7) 

I  DIMENSION  PDIXI7I,P0IYC7),P0IZ(7I 

I  DIMENSION  ALPMAC3#7),BCTAC3,7I,GAMMAO,7».PMOM(3,7I 

I  dimension  NbRRCR(66*42l  »MOSAICU3»A3),Nn2tA2}tNS{66} 

I  C  OUTPUT 

I  IF  (SE^SE  LIGHT  2)100,199 

C  PREPARE  MASTER  TAPE  WITH  ANTHKCPCMFTR IC  DATA, 

I  C  NAA  CG  DATA  AND  MOMENTS  OF  INERTIA, 

■  C  SEGMENT  CHARACTERISTICS  AND  LOCAL  MOMENTS 

I  100  WHITE  OUTPUT  TAPE  5,101,N,W,ETA123,0ELSH 

I  lOl  FURMATI3MIN*I3,3X,2HW*F6.I,5X,7HETA123*2P£IU.2,5X, 

I  I  6M0ELSH*IPE9.?I 

!  mHITC  output  tape  5,l02,STAT,CERV,SHLDH,SUPH,SUbH, 

I  1  TROCH,TiHH,UPARL,FnARL,CHESO,WAISD,8UTTO,CHESH, 

I  2  WAISH,hIPB,AXILC,bLBC,FOAHC,WRlSC,FISTC,THlHC, 

!  3  GXNEC,ANKC,SPHYH,F0C1L,blACC,HEA0C,  bISP8,SITH 

I  102  FOHMATIlSFS.n 

i  WRITE  OUTPUT  TAPE  5, 133, SR 

103  FQKMATICH  SW  , 3E1B. 8/6X , 6E 18 .B/eX , 6E18. 8 ) 

WRITE  OUTPUT  TAPE  S.IOA.SM 

104  FURMAT(6H  SM  , 3E18. 8/6X, &Elb.B/6X, 6E 18. B ) 

WRITE  OUTPUT  TAPE  5,105,SL 

105  FURMAT(6H  SL  ,3E16.B/6X,6E18.8/6X,6E18.8) 

WRITE  OUTPUT  TAPE  5,106,R 

I  106  FORMATIoH  R  , 3E 18.8/6X,6E 18 .8/6X, 6E 18.8 ) 

j  WRITE  OUTPUT  TAPE  5,107,RR 

107  F0RMAT(6H  RR  ,3ElB.8/6X,6£l8.8/6X,6E18.d) 

I  WRITE  OUTPUT  TAPE 

j  lOH  FORhATIOH  Y  , 3C 16. B/6X, 6E 16 • 8/6X , 6E 18.8 ) 

I  WRITE  0UTPU1  TAPE  5, 109, DELTA 

I  109  FOKMATIbH  DELT A, 3E 18. 8/6X , 6E 18 .e/6X , 6E18.d ) 


WRITE  OUTPUT  TAPE  5,110, AMU 

110  F0HMATf6H  AMU  , 3E 16. 8/6X, 6E 18 . 8/6X, 6E 16 .8 ) 
write  output  tape  5,lll,AMUSC 

111  FGKMAT46H  AFUSQ, 5E18. 8/6X ,6fc 18.8/6X ,6E18.8 I 
WRITE  OUTPUT  TAPE  5, 112, SIGMA 

112  FORMATItH  S IGMA, 3E 18. R/&X, 6E 18 .d/6X , 6C 18.8  ) 

WRITE  OUTPUT  TAPE  5, 111, ETA 

115  F0RMATI6H  ETA  , 3E 16. 8/6X, 66 18. 8/6X , 6E1 8. 8 ) 

WRITE  OUTPUT  TAPE  5,ll4,VY 

114  F0KM4T16H  YY  , 3E 16. d/6X, 6l l8 .8/6X, 6E 18.8 ) 

«RITE  OUTPUT  TAPE  5,U5,SIXX 

115  F0RMA^C6H  SIXX  ,3El8.8/6X,6L18.8/6X,6El8.d) 

WRIT'.  OUTFUr  TAPE  5,ll6,SIYY 

116  F0RMATC6H  SIYY  , 3Elb. d/6X,6E lo . 8/6X, 6E18. 8 ) 

WRITE  OUTPUT  TAPE  5,117,SIZZ 

117  FQRMAfI6H  SIZZ  , 3E18. d/6X, 6E 18 .8/6X , 6E 18. 8 ) 

199  IE  CSe^St  LIGHT  l)2C0,30O 

20'?  WRITE  OUTPUT  TAPE  3, 20 1 ,  N,  W  ,  Cw  ,  ET  A123 

201  FCRhATC3HlN=I4,5X, 3H  W=F6. I , lOX, 3HCW=3PE 10. I , 5X, 
I  /H£f Al23=2P69.l) 


f 

I 

I 


rtKlTL  OUTPUT  TAPE  3.202 

202  FORMATtlHO, 13X, IHl, i4X, Ih?, 14X, 1H3, 14X,1H4, lAX*  JHS, 

I  14X, IH4. 14X, IH7) 

iiKlTE  OUTPUl  TA  E  3.203, XNAA 

203  FnHMAT(6H  XNAA  ,4X , 7 ( IPE 1C . 2. 5X  )  ) 

WRITE  CUTPul  TAPE  3,204,XHn0 

204  FUfiMAT(6H  XPOU  ,4X,7{ lPei0.2,5Xn 
WRITE  OUTPUl  TAPE  3,205, XOIFR 

205  F0HP.ATI6H  XL  I FR  ,4X  ,  7 1  fc  10.2, 5X  )) 

WRITE  OUTPUT  TAPE  3,2C2 

WRITE  OUTPUT  TAPE  3,206,YNAA 

206  F0RMATC6H  YNAA  ,4X , 7 ( 1P£ 10. 2, 5X  11 
WHITE  OUTPUT  TAPF  3,?07,YMOO 

207  F0RMATI6H  YPOU  ,4X,  71  lPEl0.2,5Xn 
WHITE  OUTPUT  TAPE  3,208, YOIFH 

203  F0HNAT(6H  YU I FR ,4X , 7 ( £ 10.2 , 5X » ) 

WHITE  OUTPUT  TAPE  3,202 
WRITE  OUTPUT  TAPE  3,2D7,£-4AA 
207  FOHMATIbH  ZNAA  ,4X , 7 ( 2PF 10. 1 , 5X )  ) 

WHITE  OUTPUT  TAPE  3,210,Z»«OC 

210  F0HMAT(6M  ZPOD  ,4X , 7( 2PE 10. 1, 5X I) 

WHITE  OUTPUT  TAPE  3,211,ZOIFR 

211  F0HMATI6H  ZUIFH ,4X ,7 ( E10.2, 5X1) 

WHITE  OUTPUT  TAPE  3,202 

WHITE  OUTPUT  TAPE  3,212,XIXX 

212  FORMATIbH  XIXX  ,4X , 7 (IPEIO . 2, 5X ) ) 

WHITE  OUTPUT  TAPE  3,213,CI<X 

213  FUHMATCbH  CIXX  ,4X , 7 ( IPE 10. 2, 5X M 
WHITE  OUTPUT  TAPE  3,214,0IXX 

214  FORhATIbH  OIXX  ,4X , 7 ( IPE 10. 2, 5X 11 
WRITE  OUTPUT  TAPE  3,?15,PUIX 

21j  FURMATIOH  PCIX  ,4X , 7 ( t 10.2, 5X M 
WHIIE  OUTPUT  Tape  3,2J2 
WRITE  OUTPUT  TAPE  3,2lb,XIYY 

216  EGHHAT(6H  XIYY  ,4 X , 7 ( IPE 10 . 2, 5X 11 
WKITL  OUTPUT  TAPE  3,?17,CIYY 

217  FOHMATIbH  CIYY  ,4X, 71 lPtlO.2, 5X ) 1 
WHITE  OUTPUT  TAPE  3,2lrt,0IYY 

21*.  FCRMATIbU  OIYY  ,  4X  ,  7  (  IPt  10. 2,  5X  1  1 
rtRlTC  OUTPUT  TAPE  3,219,PDIY 
219  FOHMATIbH  PtlY  , 4 X , 7 1 E IC . 2 , 5X 1 1 
WHITE  OUTPUT  TAPF  3.202 
WHITE  Output  tape  3,?2C,xizz 
22)  FiJ.*>AT(bH  XIZZ  ,4X, 71  IPElO. 2,5X1  1 
wRIlE  output  TAPF  3,22l,CIZZ 

221  FCKMATIbH  CI7Z  ,4X,  7  I  IPtrlO.  2, 5X  1  1 
«KIT-  OUTPUl  TAPF  3,222,01ZZ 

222  EOKHATIbH  DIZZ  ,4X , 7 ( IPL 10. 2, 5X 1 1 
WRITE  OUTPUT  TAPF  3,223,Pt)IZ 

223  EORPATIbH  POIZ  ,4X  ,  7  I E 10 .2 , 5X  1  1 
WRITE  OUTPUT  TAPE  3,202 

white  output  TAPE  3 , 224 , I PMOM I  I , K 1 , K= I, 7 1 

224  FORM7T(7H  PPOM  1 ,4X , 7 ( I PElO .2, 5X  1  1 

WHITE  OUTPUT  TAPE  3 , 22 5 , I PMOMI 2, K 1 , K= 1 , 7 1 


f-lb 


225  FURMATC7H  2,4X*7(  lPEl0.2t5Xn 

WRITE  OUTPUl  TAPE  3,226f (PMOMl 3#K),K*l, 7) 

226  FORMATITH  PPG«  3t4X,7 i IPt 10 .2* 5X  )  I 
WRITE  OUTPUT  TAPE  3,202 

liRITE  OUTPUT  TAPE  3,228,  (ALPHA!  l,K),Kal,  71 
22«  FORMATIttH  ALPHA  1 •2X ,?( IPE 10. 2 , SX ) ) 

WRITE  OUTPUT  TAPE  3,220 , (BET AC 1,K ),K-1, 7) 

220  F0RMAT(8H  BETA  1,2X,  7(  lPEl0.2,5Xn 

WRITE  OUTPUT  TAPE  3,230, (GAMMA! l,K»,Ksl,7) 

230  F0RMAT(8H  GAMMA  1 ,2X , 7( IPEIO .2 , 5X ) I 
WRITE  OUTPUT  TAPE  3,?02 

WRITE  OUTPUT  TAPE  3,231 ,( ALPHA! 2,K ) ,K=1, 7 J 

231  FURMATC8H  ALPHA  2 ,2X, 7( IPE 10. 2, 5X ) ) 

WRITE  OUTPUT  TAPE  3 ,232 , ( BET A( 2, K ),Ks 1, 7) 

232  F0*<  AT(aH  BETA  2,2X,7(  lPtl0.2,5X> ) 

WRITE  OUTPUT  TAPE  3 ,233, (GAPMA( ?,K » ,K*l, 7 1 

233  FORMATIaH  GAMMA  2,2X, 7( IPEIO.2, 5X 1 1 
WRITE  OUTPUT  TAPE  3,232 

WRITE  OUTPUT  TAPE  3,234, (ALPHA! 3,K > ,K=1, 7) 

234  FGRMAT(dH  ALPHA  3,2X , 7( IPE 10. 2, 5X ) > 

WRITE  OUTPUT  TAPE  3 ,235 , ( BET A( 3, K ) , K* 1, 7 > 

235  F0RMAT(8H  HETA  3, 2X, 7( 1PE10.2, 5X > I 
WRITE  OUTPUT  TAPE  3,236, (GAMMA! 3,KI ,K=1, 7) 

236  F0RMAT(8H  GAMMA  3, 2X , 7! IPE 10. 2 , 5X ) I 
WHITE  OUTPUT  TAPE  3,237 

237  F0RM.AT(40MAL£NGrH  I\  PJChES,  MOMENT  CF  INERTIA  IN  , 

1  29HSLUG-FT-FT, angles  IN  DEGREES.) 

TO'*:  RETURN 
cNO 


SUBROUTINE  ANALY7 
COMMON  .N,W,CW,ETA123 

COMMON  Sw,  Sy  •  SL, R, RK,  Y, delta,  AMU,  AMIJSO,  SIGMA,  ETA,  YY 
COMMON  STAT,CEKY,SHLDH,SUPH,5UBH,TR0CH,TIBH,UPAKL 
COMMON  F0ARL,ChES0,WAISC',MUTT0,CHES0,WAISb,HIPB,AX1LC 
COMMON  ELBC,F0ARC,KRISC,FISTC,THIHC,GKNEC, ankc,sphyh 
COMMON  FOOTL,8IACO.H£ADC,»ISPB,SITH,CELSH 
COMMON  xnaa,ynaa,znaa,xixx,xiyy,xizz 
COMMON  sixx,siyy,sizz 


COMMON  TH£TA,SINT,C0ST,0,E,F,0,0T 
COMMON  H,X,XCG,C: 

COMMON  XMCC.YMCO, !MOD 

COMMON  XOlFk,YDlFR,ZCIFR,C4XX,CIYY,CIZZ,OIXX,OIYY,LlZ2 
COMMON  POIX,PDIY,POIZ 


common  alpha, beta, gamma, PMCM 
COMMON  n£RRCR,M0SAIC,NI,NS,L1,L?,K 
OlMtNSIGN  Sv,tl5),SMn5l  ,SL(  15),P.I  15),RR(  15),Y(  15) 
DELTA!  15)  ,^MU(15),AMl)SC(  15),  SIGMA!  15) 
£rA(l5),YY!l5) 

XNAA! 7) ,YNAA! 7),ZNAA!7) 

XIXX! 7),XIYY!T),XIZZ!7) 

SIXX! 15),SIYY(15),SIZZ(15) 


01  MENS I  ON 
dimension 
DIMENSION 
DIMENSION 
DIMENSION 
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01  Mt  >4SI0N  THETA{IS,2),SINT(  15,2l,COST(  15,21 

C  0(3,3).E(3.3I,F(3.3)  ARE  DUMMY  MATRICES 

DIMENSION  0|3,3I,E(3,3I ,F(3,3I,0(3,3I,0TC3,3» 
dimension  hi 15 ,3) ,Xfl5,3),XCG{15,3f7),CI(3,3,7) 
dimension  XM0D(7I ,YMOO(7),2MODC7> 

DIMENSION  X0IFm7I,Y0IPHl7)  ,Z0IFRt7» 

DIMENSION  C IXXI 7 I,CIYY(7»,C 1/2(71 
dimension  DI XXI 7) ,01 YYI 7 1,01221 7) 
dimension  PDIX(7) ,PCIYI7),PDI2(7I 

DIMENSION  ALPHA(3, 7} ,BErA(3,7),(;AMMA(3,7),PMOM(3, 7) 
DIMENSION  NERR0RI66,42) ,MaSAIC(A3,431,Nl(2,A2),NSt66) 
WRITE  CUTPUl  TAPE  3,10n 

100  FOKMATI IHI,54X,16HDIFFER£NCC  TABLEI 
WRITE  OUTPUT  TAPE  3,101 

101  F0RMAT(1HB,14X, IHX,20X,1HY,20X,IH2,19X,3H1XX, 18X, 

1  3HIYY,18X,3HI221 

W^^ITE  OUTPUT  TAPE  3,102 

102  FnRMATI  4HA  NO, 

1  42H  1234567123456  7, 

2  42H  1234567123456  7, 

3  42H  1234567123456  7) 

WRITE  OUTPUT  TAPE  3,103 

103  FORMATIIHO) 

DO  1  11=1,2 
00  1  JJ=l,42 

I  Nl(il,JJ)=0 
DO  5  IL=1,66 
II=NSIIL) 

5  .»RIT£  OUTPUT  TAPE  3 , 104 , 1 1  ,  INERRORI  1 1  ,KK  )  ,KK*l,4?  ) 

104  EOKMATIlH  ,4313) 

C  CALCULATE  AVERAGE  ERROR 

00  6  JJ=1,42 
UO  6  11=1,66 

6  NI (2 , JJI=NI 12, JJIMNCXRORI II, JJ) 

UO  7  JJ=1,42 

7  M (2, JJ)=NI 12, JJ)/66 

C  ARkAvGE  lRRCR  ANALYSIS  ARRAY  AND  LOCATE  MEDIAN 

DO  b  11=1,43 
D«)  «  JJ=1,4? 

s  M0SAICIII,JJ)=0 
00  10  JJ=1,1 
MnSAICI 1, JJ)=30 
K0SAIC(2, JJ)=2C 
DO  9  11=3,42 

9  MOSAIC!  II  ,JJ)=MOSAICI 

10  MnSAICl43, JJ)=-30 
DO  15  K=?,4> 

DO  15  N=l,66 
M  ADC  =  Nt  KK  OR  I N ,  K- 1  j 
IF{XABSFIMACn)-20) 14,14,11 

11  IE(MAni;)13,l4,12 

12  MOSAIC  I  I  ,  K 1  =MIJS  A  1C  I  1 ,  M  ♦  1 
:,J  Tl  15 

U  M0SAIC(43,K)=MrSAlCI43,rt !♦! 
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» 


i 

s 
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GO  TO  15 

14  MADC«-P400 

»»QSA!CCHADO*22,K»s:«CSAICIMAOO+22,KHl 

15  CONTiNUt 

WRITE  OUTPUT  TAPE  T,105 
105  POKKATf 1H1»55X,1AHERR0R  ANALYSIS! 

WRITE  OUTPUT  TAPE  3*101 
WHITE  OUTPUT  TAPE  3,102 
WRITE  OUTPUT  TAPE  3,103 

20  WRITE  OUTPUT  TAPE  3, 107, ( ( MOSAICII I • JJ ) , iJ<l , 43 ) , 
1  11*1,431 

107  EOHNATIIH  ,43131 
00  24  JJ*2,43 
MO*C 
NQ*1 

22  H0*MnSAlC(Nr»JJ)4MU 
IF<M0-33)23,24,24 

23  N0*N04l 
GO  TO  22 

24  NIIl ,JJ-1I*22“NC 

WRITE  OUTPUT  TAPE  3, lOw, INI ( 1 , JJ I , J J»l, 42) 

10b  F0KMAT(4U0ME0,42I3) 

WRITE  OUTPUT  TAPE  3 , 1C9, INI ( 2, JJ ) , JJ*1,42) 

109  FUHHATIAH  AVE,42I3) 

WHITE  OUTPUT  TAPE  3,110 

lie  FORNAT<33HAC.G.  ERRORS  ARE  IN  TENTHS  OF  INC, 

I  33MHES,H0NENT  errors  ARE  IN  PER  CENT) 

RtTURN 

E'-iC 
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COMHUTFR  PRCGRAM  APf^OC  (FCRTRA!^  ID 


LOM^CN  N#W,CK,CrAl23 

COMMCN  STAr,SHLCH,SUHH,TROCH, TIBF,UPARL.FOARL,CHESDt 

1  WAIS:,HUTTC»CHtSf?tWAIStttHIPB,  AXILC.ELBC.KRISC# 

2  FISTCtTl-lHC.GKNcC,  ANKC«SPhYH,FnOTL,  StlH.HEADC 
CUVMON  SW,Sf<,SL,«,RR,Y#0£LTA,  AKU.AHUSO.SIGMA.ETA.YY 
COMMCN  SiXX.SlYY.SlZZ 

COMMON  THCTA.SINT.CnST.OfCtFtOtOT 
COMMON  H,X,XCG,CI 
COMMON  XMODfYMCC),ZMOD,OELSH 
CCMMCN  ALPHA, beta, gamma, PMCM 
COMMON  Ll,L2,K 

DIMENSION  Sw(15I  ,SMI15?.SL(  15|,R{  15I,RRC  i;>»,YI  151 
di  mension  DELTA! 151 ,AMU( 15  I , AMUSC 11 5 1 , S IGMAI 151 
DIMENSION  FTA(15J tVYl 15) 

OIMLNSION  SIXXI 15) f SIYYllS) ,SIZZI 15) 

01  MENS I  ON  TFFTAI 15#?) ,SINT I  15, 2), COST! 15,2) 

C  D(3,3),E(3,3),F( 3*3)  ARE  DUMMY  MAIRICES 

OIMFNSICN  013,3) ,C(3,3)»F( 3,3).0(3,3),0r{3#3) 
OIMLNSION  H(15,3) »X{15,3),XCG{ 15# 3# 7 ) ,C I ( 3, 3# 7) 
DIMENSION  XMrD(7)#YMrO( 7)#ZMCD(7) 

DIMENSION  ALPHA!  3# 7 )  # BE  1 A !  3  # 7  )  #GAM.MA  I  3#  7 )  #  PMCM{  3#  7 ) 
READ  INPUT  lAPE  2*10'^, tl#L? 

100  FORMAT (21 5) 

0  CUIPUT  DESIRED 

^iCRMAL  MAblEH  CARD  PUNCHED 

'jO  :^v.  c-  0 

\0  YES  C  1 

0  YES  \n  1  0 

C  Vt  s  YE  S  1  I 

1  se  MSE  LIOHf  C 
IFILI-I  )3,2#3 

2  SLrWSE  LIGHT  1 

3  ^^(L2-l )5,4,4 
A  Sr mSC  LIGHT  2 

READ  INPUT  TAPE  2#10l,N,»» 

101  F[J?..''AT(I5.4/,F6.1) 

HEAD  INPUT  TAPE  2 # 10? # S I  AT , SHLCP* SUBF, I ROCH# T IBH, 

1  UPARL#FnAKL,CHbSD,WAlSC,60‘ TD#CFESB,WAISh,HIPh# 

2  A<Ii.C#ELbC,WRISC,FISTr.,  T  H IHC,  GKKEC  ,  ANKC  # 

3  SPHYH.FnnTLtHcADC.SITH 
10?  Ffl  •MAT(12F5.1  ) 

CALL  design 
D*j  6  1  =  1,15 
:)0  6  J-=l,2 
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n  r 


6  THErAtI,J)«0. 
Ksl 

7  CALL  EULER 
CALL  MQUNOM 
KsK*l 

IFCK-B}7«tf«7 
C  CALL  OUTPUT 
GO  TO  I 
END 


SUBROUTINE  DESIGN 
COMMON  N.W,CW»ETA123 

COMMON  STAT,SHLOH,SUBHtTROCH,TIBHtUPAKLtFOARLtCHESDt 

1  WAISC,BUTTO,CHES6tWAISH,HIP6,AXILCt  ELBCtBRlSCr 

2  FISTCtTHIHCtGKiNEC,  ANKC,SPhYH,FOOTLtSlTH,HEAUC 
COMMON  SW»SM,SLtRtRRfYtnELTA,AMUt AMUSQf SIGMAtEIA* YY 
COMMON  SIXXtSIYY.SIZ/ 

COMMON  THeTA*SIKT*COST,D,€,F,C,OT 
COMMON  H.XtXCGfCI 
COMMON  XMOO,YMOO»ZMOO,DELSH 
COMMON  ALPHA ^nET A* GAMMA, PMOM 
COMMON  Ll,L2,K 

DIMENSION  SiK(l3l,SM(l5),SL(  15),R(15),RR(  15),YI15) 
DIMENSION  OELTA(15),AMU(15),AMUSQ( 15 ) , SIGHAI 15  I 
DIMENSION  ETAC15I,YY(15I 
DIMENSION  SlXXC15),SIYY(l5),SIZZn5) 

DIMENSION  THETAn5,2l,SlNTn5,2),COST(15,2» 

C  0(3t3),E(3,3),F{3,3)  ARE  DUMMY  MATRICES 

DIMENSION  0(3,3} •E(3,3),F(3,3),0( 3,3),OT(3,3l 
DIMENSION  H(15,3),XI15,3),XCG( 15, 3, 7 ),C 1 1  3, 3*7) 
OIMtNSION  XM00(7},YM00(7},ZM0D(7} 

DIMENSION  ALPHA(3,7},BETAl3f 7} ,GAMMAI3,7},PM0M( 3,1 } 
Pls3. 1415927 
rMCPIa2,*PI 
C1=PI/1. 

C2=62.427/172d. 

DESIGN  MODEL  MAN  BY  USING  ANTHROPOMETRIC  DIMENSIONS 
APPLY  barter  REGRESSION  EgUATION  TO  SUBJECT  WEIGHT 

1  H<T=C.47*W}+12, 

BUA=(,0tJ«W»-2.9 
BF0=(.04*W)”.5 
HH=( .01«W)^.7 
l}UL=C,lIi*W)*3.2 
6LL=(.ll*W}-'l.9 
3F=I .02*W}*1,5 

W0IFF=W-(HNI+HUA+BF0^8H+BUL+BLL+BF} 
WKsWniFF/(HNT-fhUA+bF0+BH+BUL^6LL48F  ) 

WRl=l.4wR 

C  DISlRIBUrE  WPIFF  PROPOKI lONALLY  OVER  ALL  SEGMENIS 

2  SW(n*.079»W 
SW23=H'\T*WR1-Sw{l} 

S«(4  »-MH*wRl/2. 
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St<(6)»HuA*WRl/?. 

SW(6)=»FO»WRl/2. 

SW(  10)=B‘JL»V.Rl/2. 

Sw( l2)=BLL*WHl/2* 

Sw(14)=RF*WKl/2. 

C  OEVtLOPMENT  OF  HEAD 

i  I=l 

K(n  =  (SIAT-SHLCH)/2. 

RRdJ-HEADC/TWCPI 

DELTA!  I  )  =  $><;  (I  )/H«(  n/RRI  I)/R(  I  )/Cl/4. 
SL(  n=2.»R(  n 
E1A( I  )  =  .3 

Y(n=R(n 

C  DtVtLOPMCNT  OF  TRUNK 

SL(2 )=SHLUh-SUHH 
SL{3J=SITH-(STAT-SUBH| 

R(2)  =CHbSti/2. 

R{3)=HIPb/2. 

RR(2)s(CHESC+WAlSC)/4. 

KR(3)=( WAISD*BUTrO)/4. 

ETA(?)=.5 

fcTA(3)=.5 

Y(2)=ErAC2»*SL(2) 

Y(3)=FTA(?I«SL(3) 

OeLTA{2)-SW23/PI/(R(2)*KK(2)*SL(2) 

1  ♦1.01/.92«R(3)*RR(3)*SL(3) ) 

DELTA! 3)sl.01/.92*0ELrAi2) 

S«v!2)*nELTA  !2)*R!2»  *RR!2)*SL!2)»P1 
Sw!3)=0LLTA!3Mft!3)*RKC3)*SL!  3)*PI 
C  OtVELOPMENT  OF  HANDS 

1=4 

5  R!n=FISTC/IWCPI 
Rk!!)=k!I ) 

SL! I )=2.»RR{ I ) 

ETA!  n  =  .5 

Y!n=EiA!n  *sLin 

Sw!I )=SW!4I 

UtLTA!  I  )  =  Sk  !  I  )/R!  !  J/K!  n/K!  I)/Cl/4. 

I J=I-3 

I  =o 

GO  TU  !b,6),IJ 

C  OEVtLOPBCNT  OF  UPPER  ARKS 

6  IJ  =  1 
1=6 

:<!n=AKlLC/lWaPI 
R  <!I  )=tLbC/Tw(jPI 
SL!I )=UPARL 
GO  It  20 

C  CLYLLOPMlNT  of  FCHcAkvs 

1.1=2 
I=E 

R!  i  )=ELHC/T*tOPl 
KR!  I  )=’'<H1SC/TWC  PI 
GL! I )=FeARL 


o  o 


GO  TC  ?0 

C  OEVLLOPMENT  OF  UPPER  LEGS 

10  IJ=3 
I  =  1Q 

RCI )sTHIHC/l«OPI 
KR(n=3KNEC/TWCPI 
SL(I )*STAl-SirH-TIBH 
GO  TO  20 

C  DEVELOPMENT  OF  LOWER  LEGS 

12  IJ^4 
1  =  12 

RCI )=GKNEC/TWGP1 
RR(n  =&NKC/TWGPI 
SL(1 l=T16H-SPHYH 

20  G=!<{ n*R{ n+R(n*RR(n^RR( n*RR( I) 

DELTA(n  =  Sw(n/SL(I)/G/Cl 
AMU(n  =  RR(I  )/R<I) 

AMUSQ(n=AMUn)>AMU(  I  ) 

SIGMACI )=1-*AMUC I)^AMUSQ( n 

ErA(n  =  (l.+2.*AMU(n^3.*AMUS0{  I  ))/SIGMA|  n/4. 

Y(n=ErA(  n*sLf  n 

GO  TO  (d,10.12«14),IJ 
C  DEVELOPMENT  OF  FEET 

14  1=14 

SL(I )=FC0TL 
cTA( I )=.429 
Y(I)=ETA(n*SL{II 

G=1.-2.*ETA{I  J4^SQRTFCETA(  n*ETACn 
1  *(-12.  I♦12••ETA(  n-2.  I 

AMU(  I  )  =  (4.*ETACn-l.  )/G 
AMUSQ(n  =  AMU(  !  )*AMU(I  ) 

S I GM A  (  n  =  1  •  4^AMU(  I )  ♦  AMUSO  ( I ) 

Rn)=SPMYH/2. 

RR(1 l-AMU(I )*Rf  n 

G=R(  n«R(  I)4^R(  n*RRI  !  )^RR(  I  »«RR{  I ) 
DELTAni=SW(n/SL(n/G/Cl 
3G  DC  31  I=7fl5,2 
SW(I I=SmC I-ll 
UELf  A(n  =  OELTA(  I-ll 
R(II=R(I-1I 
RR(1 l=RR( I-ll 
SL{l)=SL( I-l) 

AMU{ I i=AKU( I-l I 
AM'JSG  (  n  =AMl/SO(  I-l  I 
SIOMAII l=SIGMA(I-l) 
t:TA(  I  )  =  ETAt  I-II 
31  YIII=Y(I-ll 
4r.  00  41  1=1,5 
AMUl  I  M-0, 

AMUSCU  1=0. 

41  SIGHftm=0. 

CALCULATE  SEGMENT  ^ASS  AND  MASS  CENSITY 
CriCCK  SUM  OF  SEGMENT  WEIGHTS  ECUAL  TC  BODY  WEIGHT 
CW=0. 
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ii  O  uij  3 1  i=l,lb 

SM(I )=SW( I )/i2,2 
OELTAt I )=DELTA( l)/32,2 

51  cw=cw  +  sw(n 

C  DETERV IiNjATICN  CF  local  ^'OMENTS  Of  INERTIA  CF  SEGMEflTS 
C  HEAD 

!=1 

s  ixx(  n=.2*sMm  •(  R(  I  l•R(  u+rri  i  i^rki  i  j  > 

SIYYni=SlXX(I) 

SIZZ  (  I  }=,4*SM{  I  )*RR(  n*RR(  I  ) 

C  UPRLR  TORSO  AND  LOWER  TORSO 

DO  52  1=2,3 

SIXX (I )=SK( I ) *(3. *R(I ) *«( I ) ♦SLC I )«SL( I ) )/ 12. 

SI  YY  ( I)  =SM(  n  *(  3.*RR(  I  )  *RR{  IKSLC  I )  •SLI  I  1  )/l2. 

52  SIZZ  (  I  )=SM(  n  *(  RR(  I  )  »RRI  1)  4 K (  1) •R (  I  )  ) /A. 

C  HANDS 

I=A 

sixxi  n=.A*sf»(n*R(  n*K(  II 

SlYY(l)=SlXX(n 

sizzn  »=sixxn  i 

C  URRhR  AND  LCWER  ARMS  AND  LEGS,  AND  FEET 

DO  53  1=6,14,2 

AA=9.*{  l.-4AMU(  I  }4AMUSC;(  I  )»(  l.i-AMUl  I  I-fAMUSwt  I  )  )) 

1  /SIGMAII  )/SIGMA(  n/20./PI 

Bb  =  3.  *(1,4-4.*AMU(I  )4AMUS(J{  I  l*C  10.44.«AMU(  I  )-4AMUS0(  I )  )  I 
I  /S!GMA(I)/SIGMA{ 11/60. 

SIXX(  I»=SM(  I)*{AA*S«(  n/OELTAI  i)/SL{  I  )>BB*SLI  I)*Sl(  ni 
SlYYd  )=SIXX(  n 

53  SIZZ ( I )=2.*SM( I )*SM( n*AA/CeLTA( IJ/SLI 1 1 
C  COMPLETE  REMAINDER  OF  SEGMENTS 

DO  54  1=5,15,2 

sixxu  )=sixx(  i-i  I 

SIYY(n=SlYYCI-l) 

54  SIZZI I»=SIZ/(I-l) 

C  CtNfER  OF  GRAVIIY  OF  HEAD, NECK  AND  TRUNK 
E(l,U  =  SW(l)*YU) 

E(l,2l  =  SW(2)*{5L(l}4Y(2) ) 

E(l,3J=Sw(3l«ISL(l {♦SL(2)4Y{3n 

tTAl23=ie{l,l)4E;i,2)4C(l,5n/ISW{  l)4SW(2)4<iW(  3)> 

1  /(STAT-TRCCH) 

C  CONVERT  DENSITY  TO  SPECIFIC  GRAVITY 
DO  55  I=i,15 

55  OELTAin^OELTAI  I}*32.2/C2 

C  DEFINE  DISTANCES  OF  LOCAL  CG  FROM  HINGE  POINT 

DfLSH=SITH-ISTAT-TROCH) 

CU  6C  1=1,15 

60  YVi f }=YCI ) 

YY(6)=Yt6)-K(6l 

YYC10)=Y(10)4D£LSH 

YY(14)=0, 

DO  61  1=7,15,4 

61  YY(  I  |=YY(  I-n 

C  DETEHMl:<E  FIXED  HINGE  POINTS 
DO  67  1=1,15 
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00  tl  J»l,3 

67  HCI,J)=0, 

H(6,2)=CHESR/2.^t*{6) 

H(6,3)=STAT-SHL0H4R!6) 

H( lO#2JsHlPO/2.-RC 10) 
H(10,3)*SLC  1)4SLC2)4SL(3)**CELSH 
DO  66  1=7,11,4 

Hd  ,2)=-H(I-1,2) 

68  H(I,3)=HC 1-1,31 
RETURN 

£NU 


SUBROUTINE  HOOMOM 
COMMON  N,U,Ck,ETA123 

COMMON  STAT,SHL0H,SUBH,TRj3CH,T lBh,UPARL,FOARL,CHESD, 

1  «AISC,BUTTO,CHESB»WA*Stt*r5rP8,rxlLC,ELBC,»»RlSC, 

2  EISTC,ThlHC,&r4NEC,ANKC,SPi^VH,E0CTL,SiTH,HEA0C 
COMMON  SW, SM,SL»R,RR,Y, DELTA, AMU, AMUSQ, SIGMA, ETA,  YY 
COMMON  SIXX,SIYY,SI7Z 

COMMON  THETA,S»NT,C0ST,C,E,F,0,0r 
COMMON  H,X,XCG,C1 
COMMON  XMOD,YMOO,ZMOO,OELSH 
COMMON  ALPHA, BETA, gamma, PMCM 
COMMON  L1,L2,K 

DIMENSION  SW(15I,SM(15),SL(15),R(  15  )  ,RR(  1 5 »  ,  YUS ) 
DIMENSION  DELTA! 15) ,AMU( 15) , AMUSQ! 15), SIGMA! 15) 
DIMENSION  ETA!15),YY!15) 

DIMENSION  SIXXI15) ,SIYY!15) ,SIZZ! 15) 

DIMENSION  THETA! 15, 2), SINT  1 15, 2), COST! 15,2) 

C  0!3,3),E!3,3) ,F(3,3)  ARE  DUMMY  MATRICES 

DIMENSION  0(3,3),EI3,3) ,F! 3,3',0!3,3),0T! 3,3) 
DIMENSION  H!15,3),X{15,3),XCG! 15, 3, 7 ), Cl !  3, 3, 7) 
DIMENSION  XMOO! 7),YM0U! 7) ,ZMODf 7) 

DIMENSION  ALPHA! 3, 7), BETA (3, 7), GAMMA! 3, 7), PHOH!  3,71 
DIMENSION  EVI3) 

K=K 

PI=3. 1415927 
C3=PI/180. 

C  ZERO  DUMMY  MATRICES  D,E,F 

00  1  11=1,3 
DO  1  JJ=1,3 
0(11 J)=0. 

E!II , JJ)=0. 

1  F(II,JJ)=0. 

C  ZERO  C.C.  ARRAY 

DO  2  1=1,15 
DO  2  J=l,3 

2  X(I,J)=0. 

C  ZERO  THE  INERTIA  TENSOR  ARRAY 

DO  3  11=1,3 
DO  3  JJ=1,3 

3  ClfII,JJ,K)=0. 
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C4LCiiLA1u  KiHot  POINTS  Of  H«!/tAbLT  SEGMENTS 
FURfc ARMS 
DO  9  I=e,9 
G=SL( 1-2)- H( 1-2) 

Ed.l  )  =  Si  NI  (I-?,l)*SINr  n-2,2) 

E(2,l)=SINTf 1-2,1 )*CCST( 1-2,2) 

L(3,l )=C0STCI-2,l) 

DU  9  J=l,3 

9  !HI, J)=H(I-?,J)4E{J,1)»G 
C  LOrtfcR  LEGS 

00  10  dl2,13 
G=SL{  I-2)-H)tLSH 

e(l,li  =  SINT(I-2,l)*SI>IT<  1-2,2) 

E ( 2, 1)=SI NT (1-2,1) *0051 ( 1-2,2) 
fcCi, I )=C0ST(i-2,ll 
DO  10  J=l,3 

10  H(I , J)=H( 1-2, J)>E( J,1 )»G 

C  HANDS 

DO  11  1=4,5 
G=SL( 1+4) 

E(l,l)=SINT(I*4,l)*SINTC (♦4,2) 
e(2,l)=S!NT(I+4,ll»CCST{ I44,2) 
c(3,1)=C0ST(I+4,1) 

DtJ  11  J=l,3 

11  H(  I  ,  J)=H(  I+A,  J)  +  e(  J,n*G 

C  FEET 

DO  12  1=14,15 
G=SL( I-2)+.5*SPHYH 
e(l,l)=SINT(I-2,I)*SINT(I-2,2) 
e(2,l)=SlNT(I-2,l)*C0ST{ 1-2,21 
e(3,i)=CUST(I-2,l) 

UU  12  J=l,3 

12  Hd  ,  J)  -H(  1-2,  J)^E(  J,1  l*C 

C  DETERMINE  CCORD  CF  SEGMENT  CG  WRT  TOP  OF  HEAD 

X(i,3)=Y(l) 

X(2: T»=SL(1)+Y12) 

X(3,3)=SL(ll+SL(2)+Y(3) 

DC  13  1=4,15 
G=YY(  I  I 

F(1,1)=SINT  (I,1)*SP'4T(I,2) 

F(2,l J=SINT (I ,1 )«C0ST(I,2) 

F(3,l)=C.OST(I  ,1  ) 

DU  13  1=1,3 

13  X(I, J)=H(I,J)+F(J,1)*G 

XMCO( K) =2. 144323+0. 152l304*wAIS0 
YMCD(K)=0. 

ZKCD(K)=0. 

DO  14  1=1,15 

XMUD{r.)=XMCD(K)  ^SW  (  I )  •X  (  I  ,  1  )/M 
YMCD(K)=YMCC{K)+SW( ! )«X( I,2)/W 

14  ZMOD(K)=ZMCn(K)*SW( I )*X{ l,3)/W 

C  DEIERMINE  CCORO  OF  SEGMENT  CG  WRT  CALC  CG 

DO  1-3  1=1,15 

XCG(  I  ,1,K)  =  X(  dlf-fXMOClKI-XHCCU)) 
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XCv>(  1 ,2,K)  =  xn»2l-YMCDiK) 

15  XCGl  I  ,  i,Kl=sX<i  t3I-/«CU(K) 

00  30  1=1,15 

C  ARRANGE  LOCAL  MQMtNTS  INTO  ’JUXMY  MATRIX  (3X3) 

00  24  11*1,3 
DO  24  JJsl,3 

24  0(II,JJ)*0. 

0(l,l)*SIXX(n 

D(2,2»=SIYY(I» 

0(3,3»  =  SIZZ(I  ) 

C  ARRANGE  TRANSfORMATIOM  MATRIX 

25  0(1, 1)*C0ST(I,2) 

0( l,2)*SINT(I,2)*C0ST( I,l> 

0(l,3)=SINTCI,2)*SINT(I,l) 

0(2,U=-SINT(  1,2) 
a(2,2)*C0ST(I,2)«C0ST( 1,1) 

0(2,3)=C0STII,2)»SlNr(I,l) 

C(3,l)=0. 

OC3,2)=“SINI(I,l) 

U(3,3)*C0ST(I,1) 

C  TRANSPOSE  THE  TRANSFORMATION  MATRIX 

26  CT(l,ll*0(l,.l) 

01(1,21*0(2,1) 

0T(l,3)*0(3,l) 

0T(2,1)*0(1,2) 

Cl (2,2)*0(2,2) 

0r(2,3)*0(3,2) 

QT(3,1!»0(1,3) 

0T(3,2)s0(2,3) 

CT(3,3?*0(3,3) 

CALL  HMMPY(C,0T,E,3,3,3,LM) 

CALL  HMMPY(t,E,F,3,3,3,LM) 

C  F{3,3)  IS  LCCAL  MOMENT  ROTATED  PARALLEL  TO  BODY  AXES 

C  transfer  to  CALC  CJ  BY  PARALLEL  AXIS  THEOREM 

0(1,1)=XCG( 1,2,K)»XCG( l,2,K)«XCG( I»3,K)»XCG( I,3,K) 
U(1,2)=-XCG(I,1,K)*XCG(I,2,K) 

0(1,3)*-XCG(I,1,K)»XCG( I,3,K) 

0(2,1)*D(1,2) 

D(2,2)=XCG{ I,1,K)«XCG( I,1,K)^XCG( I,3,K)«XCG( I,3,K) 
0(2,3)*-XCG(I,2fK)  >)rCG(  I,3,K) 

0(3,l)=0(l,3) 

DC3,2)=0(2,3) 

0(3,3)*XCG(  I,l,K)»XCG(l,l,K)4^XCG(  I,2,K)*XCG(  I,2,K) 

DO  30  11*1,3 
00  30  JJ=l,3 

0(11 , JJ)*SM(I)«C(II, JJ)/144. 

F(II , JJ)*F( II ,JJ)/144. 

30  CI(1I,JJ,K)=CI(II,JJ,K)4^F(  (I,JJ)40(  II,JJ) 

DO  3?  11=1,3 

DO  3?  JJ*l,3 

IF(AfiSF(CI ( II ,JJ,K) )-l.t-07)31,3l,32 

31  CI(II,JJ,K)=0. 

32  CONTINUE 

C  CALCULATE  PRINCIPAL  MOMENTS  AND  AXES 


I 

r 

t 

f 

3? 


I 

I 


T- 
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I)'3  i'i  n-i,3 

uo  3A  .jj-i,:-» 

3A  0( I  1  . JJ)-C!  ( I  I ,1  J,K» 

CALL  CICL'J(C,E»LV,3,6) 

pyCM(2,K.)r-v(2) 

PVCM(3,K»  =tV( 3) 

DO  35  11-1,3 

alpha n I ,K)=ACCS{ E( I! , I  )  )/C3 
HtTA{ 1 1 ,K)  =  ACOS( G( I  1,2)  }/C3 
35  .;AMMA(  II,K)=ACCSI6{  II  ,  1)  )/C3 
KZTUKN 
E  Jb 


I 

I 


[ 

i 


CHNVPY  MATRIX  MULT IPL ICAI ION,  SINGLE  PRECISION,  FL.  PT. 

C  CALLIN'.  SEQUENCE... 

C  call  H'«MPY(  A,B,C,M,K.  J,L) 

C  WHERE  C( y,N)=AtM,K )*b{K,NI 

C  (C  MAY  ME  A,  IN  WHICH  CASE  A  IS  DESTROYED) 

C  L=0  INDICATES  OK 

C  L=l  indicates  FL.  PT.  OVERFLOW 

SU6KCUTI.NE  HMMPY(A,«,C,M,K,N,L) 

01  MENS  I  UN  A  ( 3 , 3  )  ,  fl(  3,  3 )  ,C(  3 , 3  )  ,  R  I  3  ) 

y.v=M 

Kk.=iv 

>\=(4 

LL=0 

DC  120  1=1, ^M 

DU  ICO  J=1,NN 

•<(  J)=0. 

UG  IOC  K1=1,KK 

ICO  <(J)=A(|,K1  )*BU1,J)^R(J| 

DO  110  J=1,NN 
lie  C(I,J)=K{J) 

IF  ACCUMULATOR  OVERFLOW  13C,120 
120  CCNTINUt 
125  L=LL 

return 

13C  LL=l 

GO  TO  125 
c  JC 


SUbkOUTlNE  El G£N ( A, E , G, NA, L ) 
DIMENSION  A(3,3i,E{3,3),OC3) 
\=NA 

DO  1 10  1  =  1,  A 
00  100  J=l,.\ 

ICO  E(I,J)=0.0 
110  Ed, I)  =  1.0 
EN=O.C 
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FNO^O.O 
00  130  I=1*N 
00  120  J=1,N 
F.M=FN*A(  I 
120  FNO=FNO^A(i 
130  FN0=FN0-A(I,n«*2 

FN=FN*0.5*C } 

IF  (FN3-'FNJ?A0.2A0,135 
li5  DO  230  !=1,N 
00  230  J=1,N 
IF  CI-J)  I40t230,140 
140  IF  (4(1, J)>  150*230,150 
150  ft«A(I,II-A( J*J} 

SsSOHTFIAd  ,J)**240.?5*R*RJ 
rsAn,n+AC  j,j) 
COSSO=0.5^O.25*«/S 
COSTH=S&RTF(COSSQ) 
SINTH=SORTF{l.O-COSSQI 
IF  CA(I,J|)  160,230,170 
160  S;NTH*«SINTh 
170  All,  n=0.5*l4S 
A( J, J)=0*5*T-S 
F><0-f  NO-2. *(411  ,J)**2) 

All, J)=0.0 
00  220  K=1,N 
lFfI-K)ieO,205,180 
180  IF  (J-K)  190,200,190 
190  A(I,K)«A( 1,K}*C0STH4A( J,K)*SINTH 

A(  J,KMA(  J,K)*COSTH-A(K,n*SINTH 
ACK, J)-A( J,K) 

2C0  AU,n-A(I,Kl 
205  T-£(I,KJ 

210  E(I,KI*E( !,K)*C0STH4E(J,K)*S1NTH 
220  ECa,K)=-T*SINTH4E(J,K)*C0STH 
IF  (FNO-FNI  240,240,230 
230  CONTINUE 
GO  TC  135 
240  UO  280  1=1, N 
.j=l 

00  260  K=I,N 

rF(A(J,J|-ACK,K) )250,260,260 
250  J=K 
260  CONTINUC 

G(n=A(  J,J) 

au,  j)=A(i,n 

!iUM=tO.O 
CO  270  M=1,N 
270  SUM=SUM4E(4,M|**2 

SU?*=SCHTF(SLH) 

00  280 

Ad  J,M)/SUM 

280  EM,»J=E(I,R) 

00  290  1=1, N 
DO  290  J»1,N 
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290  Ldf  J)=A{  I,J) 
RETURN 
bUD 


subkoutine  output 

COMMON  N,W,CV»,£TA123 

COMMON  STAT ,SHLOH,SUBH, TRJCH, T IBb.UPARL  »FOARLtCHESDf 

1  wAISU>HUTTO*CHES3^WAISBtHlPBtAXILCf ELBC»WR1SC« 

2  HSTC^THlHCtGKNfcC#ANKC,SPHYH,FGOTLt$lTH,HEADC 
COMMON  SW.SMeSL,R,HKfY*0£LTA, AMU,AMUSQ.SIGMA,ETA, YY 
COMMON  SIXXfSIYY.SIZZ 

COMMON  THETA,SINT,COST,0,E»F,0#OT 
common  H,X,XCGtCl 
COMMON  XMOD,YMGD,ZMOO,OcLSH 
COMMON  AL PMA, BE T A, GAMMA , PMOM 
COMMON  Ll.L2,K 

DIMENSION  SUI 15l tSM{15)#SLI 15 IfRI 15I,RR( l5i,Y( 15) 
OIMLNSION  DLLTAIIS) , AMU( 15),AMUSC( 15 )• SIGMA; 15) 
DIMENSION  tiAI15),YY{ 15) 

DIMENSION  SIXXI 15),SIYY(15) ,SIZZ(15) 

DIMbNSION  THETAn5,2)  »SINT(  15«  2)  .COST  (  15»  2  ) 

C  0(3,3),E(3,3),F(3,3)  ARE  DUMMY  MATRICES 

DIMENSION  D(3,3)*E(3,3)*FI 3,3)tO(3f  3),OT(3t3) 
DIMENSION  H(15,3),X(15,3)#XCG( 15 , 3,7 ) .CII 3, 3, 7 ) 
OIMLNSION  XMCDI  Z)  ,YMr:0(7),ZMCr'C7) 

DIMENSION  ALPHA I  3, 7), BETA! 3, 7 ) , GAMMAl 3, 7 ) , PMDMI 3, 7) 

C  OUTPUT 

IF  (SENSE  LIGHT  2)100,199 

PREPARE  MASTER  TAPE  WITH  ANTHROPOMETRIC  DATA, 

SEGMENT  CHARACTERISTICS  AND  LOCAL  MOMENTS 

100  WRITE  CUTPUT  TAPE  5 , 101 ,N, W , ET A123, DELSH 

101  FORMAT(3H1N=I3,3X,2HW=F6.1,5X,7HETA123=2PE10.2,5X, 

I  6HDELSH=IPE9.2) 

WRITE  OUTPUT  TAPE  5, 102,STAT,SHLDH,SUBh,TR0CH,TIBH, 

1  UPARL,F0ARL,CHF.S0,WAIS0,fiUTTD,CHESB,WAISB,HIP8, 

2  AXILC,tL8C,WRISC,HSTC,THlHC,GKNeC,  ANKC, 

3  SPHYH,FnnTL,HEADC,SITH 

102  F0KMAT(12F5.1) 

WRITE  OUTPUT  TAPE  5,103,SW 

103  F0RMAT(6H  SW  , 3E18.B/6X, 6E18,8/6X, 6E18.8 ) 

WHITE  CUTPUT  TAPE  5,104,SM 

104  F0RrtAT(6H  SK  , 3£ 16. 8/6X, 6E 13, 8/6X, 6E18.8 ) 

WRITE  OUTPUT  TAPE  5,105,SL 

105  F0HMATI6H  SL  , 3E18. 3/6X , 6E 18 .8/6X , 6E18. 8 ) 

WRITE  OUTPUT  TAPE  5,106,R 

106  F0RHAT(6H  R  ,3E18.8/6X,6£18.6/6X*6E18.8 ) 

WRITE  OUTPUT  TAPE  5,107,RR 

107  F0KMAT(6H  RR  , 3E18 . 8/6X, 6E 18 .8/6X ,66 18. 8 ) 

WRITE  OUTPUT  TAPE  5,1C8,Y 

108  F0RMAT(6H  Y  ,3E18.8/6X,6E18.8/6X, 6E18.8) 

WRITE  CUTPUT  TAPE  5, 109, DELTA 

109  FORMATIGH  DELT A, 3E18. 8/6X, 6E 16 .8/6X , 6E1 8. 8 ) 
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WftITC  OUTPUT  TAPE  5,ll0tAMU 
?.lO  F0RMAT(6H  APU  ,  3C 18 •  0/5X, 6E  18.8/6X,  6£  18* 8  J 
WRITE  OUTPUT  TAPE  5,llliAMUSO 


111  pnoMATj/jj*  Af'USU,3£18.8/6Xf  6Elo*S/6X»6cl  j*oi 


WRITE  OUTPUT  TAPE  5,ll2tSIGMA 

112  FORMA)(6H  SIGMA,3ElB.d/6Xt6E18.8/6X,6E18.8) 

WRITE  OUTPUT  TAPE  5,113,ETA 

113  F0RMAT(6H  ETA  ,3E18.8/6X,6E18.8/6X»6E18.d) 

WRITE  OUTPUT  TAPE  StlU.YY 

114  F0RMAT(6H  YY  t 3E18.8/6X> 6E18.8/6X, 6E18.8 ) 

WRITE  OUTPUT  TAPE  5,115tSIXX 

115  F0RMAT(6H  SIXX  ,3E18*a/6X,6E18.8/6Xt6El8.8) 

WRITE  OUTPUT  TAPE  5,116,SIYY 

116  F0RMAT(6H  S lYY  • 3E18* d/6X , 6E18*8/6X» 6E 18. 8 ) 

WRITE  OUTPUT  TAPE  5,117,SIZZ 

117  F0RMAT(6H  SIZZ  » 3E18* 8/6X, 6E18. 8/6X , 6£1 8*8 ) 

199  IF  (SENSE  LIGHT  1)200,300 

200  WRITE  OUTPUT  TAPE  3, 201 ,N, W, CW, ETA123 

201  F0RMAT(3H1N=I4,5X,3H  W«F6. 1 , lOX , 3HCW«3PE 10* 1, 5X, 


1  7}lErA123*2PF9.1) 

WRITE  OUTPUT  TAPE  3,202 

202  FORMAT! IHO, 13X, IHl, 14X, 1H2, 14X, 1H3, 14X, 1H4, 14X, 1H5, 

1  14X,1H6»14X,1H7) 

WRITE  OUTPUT  TAPE  3,203,XM0C 

203  F0KMAT(6H  XMOO  ,4X, 7( IPEIO. 2, 5X ) ) 

WRITE  OUTPUT  TAPE  3,204,YH00 

204  F0RMAT(6M  YPCO  •4X,7aPElO*2,5X) ) 

WRITE  OUTPUT  TAPE  3,205,ZMOD 

205  F0RMAT(6H  ZMCD  ,4X, 7( 2PEIC. 1, 5X ) ) 

WRITE  OUTPUT  TAPE  3,202 

WRITE  OUTPUT  TAPE  3 ,206,  (CM  1, 1,K  )  ,Ks  1, 7  ) 

206  F0RHAT(6H  IXX  ,4X,7( 1P£10.2,5X) ) 

WRITE  OUTPUT  TAPE  3,207, (C I {2,2,K ),K=l,7) 

207  F0RMAT(6H  IVY  ,4X,7( 1PE10.2,5X ) ) 

WRITE  OUTPUT  TAPE  3,208 , (Cl  I  3, 3,X ) ,K- 1, 7 ) 

203  F0RMAT(6H  III  ,4X, 7{ IPEIO.2, 3X ) ) 

WRITE  OUTPUT  TAPF  3,202 

WRITE  OUTPUT  TAPE  3 ,209, (C I C 1, 2,K ) ,Ksl, 7) 

209  F0KMAT(6H  IXY  ,4X , 7 { IPElO • 2, 3X ) ) 

WRITE  OUTPUT  TAPE  3,210, (Cl ( 1, 3,K),K»1,7) 

210  F0RMAT(6H  IXZ  ,4X, 71 IPEIO.2, 5X ) ) 

WRITE  OUTPUT  TAPE  3,211 , (Ct (2,3,K) ,Ksl,7} 

211  F0RMAT(6H  lYZ  ,4X,7 ( IPElO *2, 5X ) ) 

WRITE  OUTPUT  TAPE  3,202 

WRITE  OUTPUT  TAPE  3,212, (PMOMI l,K),K*l,7) 

21?  F0RHAT(7M  PFOH  1,4X,7(IPE10.2,5X)) 

WRITE  OUTPUT  TAPE  3,213, (PMOMI 2,K ),K=1, 7) 

213  F0RMAT(7H  PMCM  2,4X,7C IPE10.2,5X ) ) 

WRITE  OUTPUT  TAPE  3,214, (PMOM( 3,K),K=1,7I 

214  F0RMAT(7H  PMGM  3,4X , 7 (1  PE 1C .2, 5X  ) } 

WRITE  OUTPUT  TAPE  3,202 

WRITE  OUTPUT  TAPE  3,215,  (ALPHA!  1,K),K==1, 7} 

215  F0RFAT(8H  ALPHA  1 ,2X, 7 ( IPE 10. 2, 5X ) ) 

WRITE  OUTPUT  TAPE  3 ,216 , (BETA! 1,K ) ,K=1, 7) 
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21c.  FOKMATCbh  l-LTA  1 , 2X  ,  7  (  1  PL  1 0 . 2,  5X  )) 

rtRiTF  OUTPUT  TAPt  3 , 2 1 7 t CCAPKA { I ,K ) ,K  =  l , 7 1 
217  FORMAnen  GAPMA  l,2X,7i  lPtl0.2#5X)  1 
WKlIt  OUTPUT  TAPE  3,202 

WKITL  OUTPUT  TAPE  3 , 2  IP , C ALPHA I  2, K ) , K= 1 , 7 ) 

21H  FORP-ATlbH  ALPHA  ?  ,  2X  ,  7 1 IPF  IC  .  2,  5X  11 

WRITE  OUTPUT  TAPE  3,21'i ,  CEETA(  2,KI,K=1, 7) 

219  F0KMAT(6H  bETA  2 , 2X , 7( IPE 10. 2, 5X ) t 

WRITE  OUTPUT  TAPE  3 , 22C, ( GAMH A ( 2* K  I  , K= I, 7 1 

220  FORMATien  UAHMA  2,2X, 7( IPE 10.2, 5X J) 

WRITE  OUTPUT  TAPE  3,202 

WRITE  OUTPUT  TAPE  3 , 22 I , ( ALPHA! 3,K ) , K=l, 7 ) 

221  FUKMAT(8H  ALPHA  3,2X,7(IPE10.2, 5X ) I 
WRITE  OUTPUT  TAPE  3 , 22? , ( BE i A! 3, K ) , K= I, 7 1 

222  F0RE.AT(8H  BETA  3 , 2X  ,  7  ( IPE  10 . 2,  5X  M 

wPITE  OUTPUT  TAPE  3 ,223, (GAPM A( 3,K 1 , K= 1, 7 ) 

223  FORMATCbH  GAKMA  3 ,2X , 7! IPE 10. 2, 5X ) 1 
WRITE  OUTPUT  TAPE  3,22A 

224  F0RMATt40HALE?JGTH  IN  INCHES,  MOMENT  OF  INERTIA  IN  , 

1  29HSLUG-Ff-FT, ANGLtS  IN  DEGREES.! 

300  RETURN 
END 
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APPtNOlX  G 


COMPUftR  PKOOKAM  AP/<00  (FORTRAN  IV» 


C  ‘iP‘'O0  ANY  POSITION  MATHEMAf  ICAL  ROOEL  OF  HUMAN  BODY 

COMMON  /Ol/NvN*CWf eTAl23#DELSH, 

1  SwdSI  ,SM{15),SL(  15),R(  l5)rR«(l5)tY(  15), 

I  i)fcLTMtl5)»AMU(l5),AMUSQ(l5),SIGMA(l5),ErA( 155, 

YY(15>,Slxyi  15),SIYY(  15),SIZ£tl5) 

XMOOI7),  VMOO(7),ZMnD(7) 

COMMON  /B2/ STAT , SHLOH, SUBH, TROCH, T 1 8) ,UPARL , FOARL , 

1  tH£SD,WAISl),HUTTO,CHt58,WAISetHIPB,  AXlLC.tLBC, 

?  wrisc,fistc,thihc,gknec,ankc,sphyh,footl, 

T  SI TH, HE ADC 

COMMON  /&3/C! i,3),c(3,3).FC  3,3) 

COMMON  /B4/TH&TA{15,2),SINT( 15,2),C0ST( 15,2), 

1  0(3,3),0T(3,3),H( 15,3),XC 15,3),XCG( 15,3,7), 

2  CI(3,3,r) 

COMMON  /B5/ALPHA(3, 7) ,HlTA( 1, 7 ) , GAMMA ( 3, 7 ) , PMOM ( 3, 7 ) 
COMMCN  /B6/K,Ll,L2 
read  (5,100)Ll,L2 
ICC  FOUMATC2I5) 

DJTPUT  res I  RED 

normal  master  card  punched 

•NU  NO  0  0 

NO  YES  0  1 

Yt  S  M3  10 

YES  YES  I  1 

1  CALL  SLiTO  (C) 

IF(L1-II2,2,3 
’  CALL  SLITE  (l) 

3  IFCL2-l)5,A,4 
A  CALL  SLITE  (2) 

5  READ  (5,IQ1)N,M 
iCi  FORMAT! 15, 4X,F5.1 ) 

READ  (  5,  102 »  ST  AT ,  SHLUH  ,  SUHM,  TROCH,  T I  BHvUP  ARl. ,  FOARL  , 

1  CHES0,WAlCC,BUTTu,CHh58,i,AIS8,HiPE,  AX  ILC,eL8C, 

2  HKlSC,FISTC,;HlKC,GKNEC,ANKC,SPhVH,FQOTL, 

J  HEAUC,SITH 

102  FORYttTI 12F5.1) 

CALL  DESIGN 
DC  6  1^1,15 
OU  6  J=l,2 

6  THtTAf I ,JI=G. 

K*l 

7  CALL  EULER 
CALL  MODMOM 
K=K+i 


n  o 


IFIK-8)7,tt,7 
CALL  OUlPur 

C  NUMBER  ASSIGNtO  TO  LAST  SUBJECT  SHOULD  BE  99 

1F»!M-99‘9*1C,9 
9  GO  TO  I 

10  IH  (L2-1) 12,11,11 

11  ENU  FILL  18 
REWIND  18 

12  STOP 
END 


t 


9- 


c 


SUBROUTINE  CESIGN 

COMMON  /ai/N,.W,CW,  ETA123,DELSH, 

1  SW( 151 ,SM(15),SLI 151 ,R( 15),KR{ 15),/l 15), 

2  DELTA!  15)  ,  AMU  I  ISl.AMUSJi!  15  )  ,  S  IGMAC  1  5 )  ,  ETA{  15), 

3  YY(15) ,SIXX(15) ,SIYY( 15),SI2Z( 15) 

4  XM0C(7), YMOO(7),ZMOD(7) 

COMMON  /62/STAr,SHL0H,SUeH, TROCH , T I BF,UPARL , FOARL , 

1  CH£SC,WAISr,eUTTC,CHESB,WA£SB,HlPB,AX ILC,FLHC, 

2  WR!SC,FISTC,THIHC,GKNEC, ANKC , SPHYH, FOOTL , 

3  SITH,HEAOC 

COMMON  /83/C(3,3) ,£C3,3),FC  3,3) 

COMMON  /B4/THETA(15,2),SINT( 15,2 ),COST( 15,2), 

1  0(3,3),0T{ 3,3),H(15,3),X! 15, 3),XCGC 15,3,7) , 

2  CI!3,3,7I 

COMMON  /85/ALPHA{3,7) ,METAC3,7),GAMMA( 3, 7 ) , PMOM { 3, 7 ) 

COMMCN  /B6/K,Ll,L2 

P!=3. 1415927 

TW0PI=2.*PI 

Cl=PI/3. 

C2=62.427/I72d, 

DESIGN  MODEL  MAN  BY  USING  ANTHROPOMETRIC  DIMENSIONS 
APPLY  BARTER  REGRESSION  EGUAIICN  TO  SUBJECT  WEIGHT 
1  H'4T=!.47*W)*12. 

BIJA=(  .0B*W)-2.9 
dFO=( .04»W)-.5 
BH=(.0l*W)>.7 
BUL=(.l8*W)+3.2 
BLL=! .ll»W)-1.9 
BF=( .02*W)^1.5 

wolf F=W-(HNf^eUA>RF0*BH+BUL+BLL48F) 
WR-RDIFF/(HNH-8UA*BF0+flH^BUL^BLL+BF) 

WkI =1 •♦WR 

DISTRlBUft  ;.D!(FF  PROPORTIONALLY  CVER  ALL  SEGMENTS 
?  SJ(1)=.079*K 

SW23=H.NT*WRl-SKll) 

SW14  )=BM»WPa/2. 

SW!6i=HUA*WKl/2. 

Srt(b)=HF0»WRl/2. 

Sw(lC)=BUL»WRl/2. 

Sw(l?)=bLL*WRl/2. 

Sw! l4l=bF*wP! /2. 


-2 


s- 

k 


f 

i 


I 

I 

I 


I 


*i 

\ 

5 

t 


C  OevtLOPMENf  OF  HEAD 

i  I*l 

a(n  =  (STAT-SHLOH»/2. 

KRf I  I sHtADC/TWCPI 

OELTAd  )*S»4Cn/RR(  n/RR(  !)/«( 1) /Cl/4, 
SLCI )=2.»R( I» 

ETAd  )».5 
YCI  )»R{n 

C  OLVCLOPMENT  OF  TRUNK 

4  SL(2)*SULOH-SUBH 
SL(3I*SITH-CSTAT-SUBH) 

R(2)=CHESB/2. 

R(3l=HIPft/2. 

RR(2)«(CHESU^WAlS0)/4. 

RK(3l*<«AIS0+:3UTT0»/4. 

ETAr2)*.5 

nTA(3)=.5 

Y(2l=£rAl2)«SLl2) 

YI3MfcrA{3l«SLI3» 

UELTA(21*SN23/PI/{R(2)*RRf 2)*SL(2) 

I  ♦l.01^.92*XC3)*RR{3)*SLC3) ) 

OELI A(3J=1.C1/.92*DELTAC2) 
SW(2)=UELTA(2)»K(2)»RR(2)«SL(2)>PI 
Sh(3l=0£LTA(3l*R{3)*RR(3l*SL( 3I*PI 
C  OcVfcLOPHENT  OF  HANDS 

1=4 

5  RdJsFISrC/TWOPI 
RRtn=Rn  I 

Std  »=2.*RR(n 
ETA(  n=.5 
y(n=ETA(i)«$L<i) 
sv<(n=sw(4) 

OCLTA(n*SWCII/R(I)/RC  I  )/R(  U/Cl/4. 
IJ=I-3 

1=5 

GO  TO  (5t6{,13 

C  DEVELOPMENT  OF  UPPER  ARMS. 

.V  IJ=1 
1=6 

RCI)*AXILC/TW0PI 
RR(I)=£LBC/TWOPI 
SL(I )«UPARL 
GO  TO  13 

C  DEVELOPMENT  OF  FOREARMS 

a  IJ=2 
l»ti 

H(I)*ELBC/TkOPl 
RR(1 )=MK1SC/TW0PI 
SL(I }=FOARL 
GO  TO  13 

C  DEVELOPMENT  OF  UPPER  LEGS 

10  IJ=3 
1  =  10 

Rf ! I»THIHC/TW0PI 


iK 

Mi 


ft 


m.' 


I 

I 
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«}?{n  =(;Kr>iEC/TwcPi 
bUl  )=STAT-SI  TH-TIdh 
GO  IC  13 

C  OEVLLOPMENT  OF  LCWfcR  LEGS 

I?  IJ=4 
1=12 

R(  n=GKNcC/lKOPI 
R<il  )  =ANKC/TV*nPI 
SL( n  =tihh-sphyh 

13  G=K(  I  )  •R(  I  MR(  1  )  •RRi  I  )*KK(  I  )*KRC  I  ) 

[)ELTA(I)  =  SV»(I)/SL{  I  )/G/Cl 

AVUd  )=RR(n/rt(I  I 
AMUSC (I )=AMU(I ) *AMU( I  ) 

^iGf'Ad  )=i.*AMui  n  +  Ayusa(  d 

ETA(  I  )  =  (  1.>2.*A?*UI  I  d3.#APUS(.(  I )  |/SIGMA(  I  )  /4. 
Y(n=ETAd  l*SLd  » 

GO  TO  (6.10.12f 14)  ,  IJ 
C  DEVELOPMENT  OF  FEET 

14  1=14 
SL<n=PCOTL 
E1A( I  )  =  .429 

Yd  )  =  ETa{  1 )  -SLl  I  ) 

G=l.~2.*ETAd  )4SJRT(ETA(  I)*ETAd  ) 

1  *{-12. I♦12.•ETA( I )-2.  ) 

A.yu(  I  )=(4.*LTA(  I  )-l.  )/G 
AMUSGf I )=AMb( I) *AMU( I) 
siGOA;n  =  i.c*A«ud  )*amusg(  i  ) 

Rd  )=SPhYH/2. 

RKd  )  =  AMUd  )*R(  I  ) 

G=R{  I  )*R(  I)  ♦Rd  )*RR{  n*RR(  I  1  ) 

OELTAd  )  =  SW(n/SL(  I  )/G/Cl 

15  DO  16  1=7,15,2 
SWd  )  =  Sw(  I-l) 

D£LfA( i )=DElTA(  I-l) 

Rd  )=Rd-d 

RRd  )=RRd-l) 

SLCI )=SL{ I-l) 

Af*U(  I  )  =  AMU(  I-l  ) 

AMUSQd  )  =  AMOSO(  I-l ) 

SIGMA{U  =  SIGMA(  I-l) 

ETA{ I  )=ETAl I-l) 

16  Yd)=Yd-l) 

17  DO  18  1=1,5 
AMUI I )=0. 

AMUSC d )=0. 

IH  SIGMAd)=0. 

C  CALCULATE  SEGMENT  MASS  AND  MASS  CENSITY 

C  CHECK  SUM  CF  SWd  ) 

C  w=0  • 

19  DO  20  1=1,15 

SMI  I )=SW{ I )/32.2 
DELIAd  )=0ELTA(  I  )/32.2 

20  CW=CV»^SW(  I  ) 

C  DC  TERMINATION  OF  LOCAL  MOMENTS  OF  INERTIA  OF  SEGMENTS 
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L 


L 


C 


C 


C 


C 


C 


^  1 


3? 


3  3 


HE4U 


I  =1 

si<x(  n=.2«sH(  n*c.^n  »*K{  iKRR(  I  i*R«i  m 


UPPER  fORSO  ANO  IQwER  TORSO 


on  33  1=2,3 

SIXX{  n=SfM  n*(3.«R(  n  *RC  I  )^SLC  I  »*SL(  in/l2. 

siYY(n=sM(  i)*{3.*RR{  n«kRcn+SLC  n*SL(  n)/i2. 
sizz  ( n=sMt  1  n«RR{  n+R(  I  j*R{  I  n/4. 


HA'iDS 


1=4 

sixx{n=.4*sk'(  ^•K(  n«u(  n 

SIYY(II=S1X'?{1} 

sizz(ii=sixA(n 

UPPER  AWO  LOWER  ARKS  AND  LEGS,  AND  FEET 
36  00  42  1=6,14,2 

44=9.0»{l  .O  +  AKUt  n+AMUSQC  n*(  l.O^AMU'  1  ) 4^AMUSC 1 1  ))  ) 

I  /SIGKA(n/SIGKA(  n/20./PI 

6h=3.0*(l.044,0«AKU(I KAMUSJt !)*{ 10.0*4.0*AMU( f  J  +  AMUSQ 
i  /SIGMACn/SIGMAf  I  }/eo. 

SlXX(n=SM(  n*(AA*SMl  n/OELTA(  I)/SL(  I)^BB*SL(n*SL{  D) 
siYY(n=sixx(n 

42  Sizzd  )=2.*SMC  I  )»SM1  I  l*AA/OELTA(  I  l/SL(  1) 

COKPLETE  RE^AI^40eK  OF  SEGMENTS 

DO  43  1=5,16,2 

sixxcn=sixx(i*ii 

SIYYni=SIYY(I-ll 

43  sizz( n=siz/(i-ii 

CENTER  OF  GRAVITY  OF  HEAD, NECK  AND  TRUNK 

£ll,l)=Swn»*Y(ll 

6(i ,?)=SWI2»*(SLC1)^Y(2) I 

hCl,3)=SW(3I*ISLCl)*SL(2dY(3n 

ETA123=IEI 1,1)+EI l,2)+ei 1,3) )/ISW(l )4SWC2i^SW«  3) ) 

I  /(STAT-TROCh) 

CONVERT  DENSITY  TO  SPECIFIC  GRAVITY 
DO  44  1=1,15 

44  OFLTA(n=DElTAf  n*32.2/C2 

DEFINE  DISTANCES  OF  LOCAL  CG  FROM  HINGE  POINT 
DlLSH=S I TH- I STAT-TROCH) 

DO  51  1=1,15 
51  YYlI)=y(I) 

YY(6)=VC6)-Mi6) 

YY(10)=Y( 10)*OELSH 
YYa4)=0. 
cn  52  I=/,15,4 
5?  YYCI )=YY( I-l) 

DETERMINE  FIXED  HINGE  POINTS 
DO  53  1=1,15 
DU  53  J=l,3 
53  H(I,J)=C, 

hC6,2)=CHESP/2.4R<6) 

H(6,3)=STAT-SHLCH^R{6) 

H(10,2)=HlPP/2.-RC 10) 
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H{l0,3)=SL{lJ4SL«2HSL(3i-'0BLSH 
DU  54  1  =  7,  Uf^ 

HC i , 2 i i-i ,2  I 

54  HI  1 ,3)=h( 1-1.3) 

C  PRhPARP  master  input  TAPE  WITH  ANTHROPOMETRIC  DATA, 

C  A\D  CALCULATED  SEGMENT  MOMENTS  OF  INERTIA  (Lf'tAi) 

CALL  SLITET(2,KQ00FX) 

GO  TO  <59,60  fKCnOFX 

59  wRI IE (ld,lCi )N,w,ETA123,CELSH 

10 1  F0KMAT(3HlN=I3, 3X , 2HW=F6. I, 5X , 7HET A123=2PC 10. 2, 5X, 

I  6HUELSH=lPt9.?) 

WRITE (18,102) STAT,SHLDH,SUBH,TROCK,TIBH,UPAHL,FOARL, 

1  CHESD,KAISC,8UTT0,CHESfa,WAISe,HIPB, AXILC,ELBC, 

2  WRlSC,FISTC,THlwC,GKNEC,ANKC,SPHYh,FOOTL, 

3  HEAOC, SI TH 

102  F0RHAT(12F5.1) 

WRITE{18,103)SW 

103  F0RMAT(6H  SW  , 3E 1 8 . a/6X, 6E 18 . 3/6X, 6E 18.8 ) 

WRirt(lO,lOA)SP 

104  F0f<KAT{6H  SM  ,  36 18. 8/6X,  6E 18 .8/6X  ,  6E 1 8. 8  ) 

WRITE (Ib, 105)SL 

105  FOKMATIbH  SL  , 3E 1 8 . 8/6X, 6£ 18 . 8/6X, 6£ 1 8. 8 ) 

KRI TE (lb,106)R 

106  F(]RMATI6H  R  ,  3618 . 8/6X,  6E  18 . 8/6X ,  6EI8. 8  ) 

wRlrE(lb,107)RR 

107  FORMATIbH  RK  3E 18 . ti/6X, 6£ 18. 8/6X , 6£ 18.8 ) 

WRITE  lib, 10H)Y 

108  F()RMAT(6H  Y  ,  3E1 8 . 8/6X, 6E 18 .8/6X ,  6E1 8. 8  ) 
WRIfEli8,109)CELTA 

109  F0RMAT(6H  DEL TA , 3C 1 8 . 8/6X , 6E 18. 8/6X , 66 lb. 8  I 
wRirE{lb,lU’)AMU 

110  F0KMATI6H  AKU  , 3E I B. 3/fcX, 6E 18 . 8/6X , 6El 8. 8 ) 
nRt  TE  (lb,  11  DAMUSC 

111  F0«MAT(6H  AVUSG,3Elfi.8/6X,6E18.8/6X,6E18.8) 
wRIT£llo,ll2)SIG»'A 

11?  60RKAT(6H  S IGMA, 3E Ifi . 8/ bX, 66 18 . 8/6A , 6E1 8. 8 ) 

► R.TE(lb,ll3)EIA 

113  F0RMAT(6H  ETA  , 3E I 8. 8/6X, 6£ 18 .B/bX, 66 18. 8 ) 
WRlTEClb,ll4IYY 

114  FORMATICH  YY  , 3£ U . 6/6X, 6E 18 , 8/6X , 6618. 8 ) 
WRITE(lfa,ll5)SIXX 

115  F0RMAT(6H  SIXX  , 3£ lb . 8/6X, 6E 18 . 8/6X , 66 18. 8 ) 

WRITE! 16, 116)SIYY 

116  F0HMAT(6H  SIYY  , 361 8 . 8/6X, 66 18 . 8/6X , 66 1 8. 8 ) 

WRI TE (18,117)SIZZ 

117  FORMATIbH  SI77  , 36 18 .b/6X , SEIB . 8/6X , 6E 18. 8 ) 

60  RETURN 
END 


SUBROUTINE  FCOMCM 

CIJMMON  /Bl/.%,W,Cw,tTA123T0ELSH, 

1  SW(15) ,SMIl5),SLt 15) ,R( 15),RR( 15),Y(15), 
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2  OfcLrA(l5)*AMU(l5),AMUSt/(15)*SIGMA(l5),FIA{lt»|, 

3  yy(l5),SlXX(13J,5IYY(l5J,SIZZtl5»  ? 

4  XM0DC7) ,YMODt7),ZMOD(7) 

COMF.cn  /B2/STAr,SHLOH,SUBH,TROCH,TI8h,U?ARL,FC4RL,  | 

1  CH6S0,liAISDtBUTT0.CHES3tWAISB,HIPB, AXILC,EL8C*  [ 

2  kKlSCtFISTCtTHlHC,GKNECf  ANKC.SPHYHfFOOR, 

3  SiTH,H£AOC  i 

COMMON  /fi3/0(3,3),E(3,3),F(3,3) 

COMMON  /a4/TMEf A(15.2) ,SINT{ l5,2itCOST( 15,  2),  = 

1  0{3,3I,OT{3,i),H(l5,3),X(l5,3),XCGC 15,3,71, 

2  CI(3,3,7) 

COMMON  /B5/ALPMAC3,7) ,BETA(3,7),GAMMAI3,7) ,PMOM{ 3,71 
COMMON  /B6/K,L1.L2  i 

DIMENSION  EV(3) 

K=K 

PI=3. 1415927 
C3=PI/180* 

C  ZERO  DUMMY  MATRICES  D,E,F 

DO  I  11=1,3 
DO  1  JJ=1,3 
Ddl  ,  JJ)=0. 

E(I1 , 

1  F{II,JJI=0. 

C  ZERO  C.G.  ARRAY 

DO  2  1=1,15 
DO  2  J=l,3 

2  X(i,J)=0. 

C  ZERO  THE  INERTIA  TENSOR  ARRAY 

00  3  11=1,3 
DO  3  JJ*l,3 

3  Cini,JJ,K)=C. 

CALCULATE  HINGE  POINTS  OF  MOVEABLE  SEGMENTS 
FOREARMS 

DO  9  1=8,9  I 

o=U?  I-2)-R(I-2)  I 

EU,ll*SINT(!-2,l)*SlNTn-2,2»  | 

E<2,l)=SlNTCI-2,l)*CCST(Ir2,ZI 

E(3,lJ=COST(I-2,ll  ! 

DO  9  J=l,3  i 

9  H(I,  J)=hC  I-2,J)*EU,1)*G  ; 

C  LOWER  LEGS  i 

DO  10  1=12,13 
G=SL(  I-2)^DELSfi 

E(l ,1I=SINT( 1-2,1 )«SINT 11-2, 2)  | 

E(2,l)=SINr(I-2,l»*C0STC 1-2,2)  ? 

fc(3,ll=C0ST(l-2,l)  I 

DO  iO  J=i,3  I 

10  H(I,J»=h(I-2,JHECJ,1)«G 

C  HAND"^ 

,DU  11  1=4,5 
G=SLf  U4I 

£Cl,l)=SlNT(I*4,l)*SlNTCI+4,2) 

E  1 2 , 1 )  * S  i  NT  ( I  +4  ,  U  *CCST  1 1 4^4 , 2 ) 

Et3,l )=CUSTCI+4,l) 
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00  11  J=l,3 

ll  H(  I ,  J)  =  M{  j,  1  )*fi 

FctT 

00  12  1=14.1^ 

0-SL {  I-2> ♦. ^•SPHYH 

td.l  J=srNT(I-2,l)*SlNf  {  1-2,2) 
t:(2,  I  )=SINT(I-2,1)  *CCST(  1-2,2) 

LC3,l)=t0i.f  n-2,l) 

00  I?  J=l,3 
1?  H(I.J)--H(I-2,J)^E{ 

Oi.tlkmine  ccorc  of  local  cg  k^t  rop  of  head 

X(l,3)=Y(l) 

XC2,3)=SL{li+Yt2’ 

XI3, 3)  =  5LU)^ Si  (2)*V(i) 

00  13  i=4,lb 
G==YYCI  ) 

1*  1  )=sif4r  a ,  1 )  *si  ‘^jrn  ,2) 

FC2, 1 )=S1NT( I ,1 )»COSr( 1,2) 

F(3, I )-COST{! ,1 ) 

00  13  J=l,3 

li  x(i ,  j)-H(  I,  j)4.f  ( j,  n«'; 

XMCO  (K)=2. 144  32  3+0, 152Itl04*WAi  sc 
YMC0<K)=0. 

ZMrjU(K)=0* 
no  14  1=1,15 

XMCD(  K)  =XMaL(K)+SW(  I  )  ^X)  I,  I  )/«^ 

YMOD  (  K)  =  Yf^Ol  C  K  )  ♦SW  (  1  )  .X  C  1 , 2  )  /W 

14  ZMCO(K)  =  ZMaD(K)+SWf I )*X(  |y3}/W 
OtIERMl.Yk  CCORD  OF  ShOVEN)  CG  WRV  CALC  CO 
00  15  1=1,15 

XC(;(  !,1,K}-X{  i,l  )-{XMuDCK)-XMOU{  1  )  ) 

XCGU  »2,K)=XC  I,2)-YPCCIK) 

15  XCG(  I  ,  1,K)sXf  1 ,3)-ZPCf)tK) 

OQ  30  1=1,15 

AkRANCE  LOCAL  ''OMEflTS  INfO  DUMMY  MATRIX  1 3  X 
00  24  II=l,3 
00  24  JJ=l,3 

24  oni,jj)=o. 

0(1,1)=S1XXCI) 

{)(2,2)=SlYYiI  ) 

0(3,3)=SfZZ{i > 

.  arrange  TRANSFOKMAr ion  vaIR»  ■ 

25  u(i,l)=C0STlI,2) 

G( 1 ,2 )  =  SINT I  I ,2 ) •COST  f I  ,) I 
0(1 ,3)  =  SI \T (I ,2 ) *5  INF { I , I ) 
f5t2,l  >=-SlN)  (1,2) 

(Jt2,?)=C0Sr(I,2)»C0ST(I,l) 

0(2,3) =COST (I,2)»SlNT(I,l) 

Cl  1,1) =0, 

0{3,2)=-SINF( 1,1  ) 
a(3,3)=COST(I,l  ) 

TRANSPOSE  THE  TR AMSFCRVAT I  ON  MATRIX 

26  CT( I ,1 J  =0(1 ,1 ) 

UTd  ,2)={j{2 , 1 1 


looo  oor*  oo 


C1(1,3I=0C3,U 
r* (2,l)=Oll,2J 
nr (2,2)=G{2,2) 

0TI2, 31=0(3, 2) 

0fi3,ii=0il,3l 
0T!3, 21=0(2, 3) 

Qr(3,3)=0(3,3) 

call  HVKPY(n,Gr,6,3,3,3,L«) 

CALL  H«IMPY(C^e,F,3,3,3,LM) 

F{3,3»  IS  LLCAl  MOMENT  RCJTAftli  PARALLEL  TO  BCCY  AXES 
transfer  to  CALC  CG  BY  PARALLEL  AXIS  THEOREM 
0(1,1 )=XCG( I,2.K)*XCG{ I,2,K)*XCG( I,3,K)*XCG( I, 3,K) 
0(1,2}=-XCG( I,1,KI*XCG( I,2,K) 
fJ  ( I  ,  3  »  =-Xf.a  ( I  ,  I ,  K )  *XCG (  I  ,  3,  K  ) 

0(2,11=0(1,2) 

0(2,2)=XCG( I,1,K)»XCG{1 ,l,K)fXCG( I,3,K)»XCG( !• T,K) 
0(2,3>=-XCGil ,2,K}*XCG( I,3,K) 

0(3,1 ) =0(1, 3) 

D(3,2)=L>{2,  3) 

0(3, 3)=XCG( i,l,K)*XCG(I ,1,K)+XCG( I,2,K)*XCG( I,2,K» 

DC  30  11=1,3 

00  30  .JJ=l,3 

D ( 11 , jj ) = SM ( n  »c ( n ,  I j  I  / 14 A . 

F(Ii,JJJ=F(II,JJ>/l44. 

30  cni!  ,JJ,K)=C  1(11,3  J,K)  ♦FI  n,JJ)^^D(  II,JJ) 

OC  32  11=1,3 

CO  32  JJ=U3 

IF{ABS(C!  (I  I,  JJ,Kn-l.  £-07)31,31,32 

31  cn  1 1 ,  jj,K)=o, 

3?  CONTINUE 

CALCULATE  PRINCIPAL  MOMENTS  AND  AXES 
DC’  34  11  =  1,3 
UO  34  JJ»l,3 
34  Dili  ,  JJ)=CI  {n,JJ,K) 

CALL  ElG£N(C,t,cV,3,6) 

PMCM( l,K)=cV(l ) 

PMOM(2,K)=EV(2» 

P>5CM(3,K)=EV(3) 

DC  3S  II =1,3 

ALPHA! 1 1 ,K)=AC0S(E( 1 1, 1) »/C3 
8ETA( i I ,k)=AC0S(E( 1 1,2) »/C3 
3*3  GAMMA(U,K)=ACGS(E(  11,  ))  »/C3 
Rt  TURN 
E\.D 


MATRIX  MULTIPLICAIICN,  SINGLE  PRECISION,  FL.  PT. 
CALLING  SEQUENCE... 

CALL  hMKPY( A,B,C,M,K,N,L) 

WHERE  C(M,N)=A(y,K )«E(K,N1 

(C  MAY  BE  A,  IN  WHICH  CASE  A  IS  DESTROYED) 

L=0  iNMCATcS  OK 

L=1  INDICATES  FL.  PT.  OVERFLOW 
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SUHROUr  INC  1‘MMPV  C  A,  B,  Ct  f*tK,  N,  L  ) 

L'lMtNSIOU  AO,3I,B{  3,  3I,C{3,3)  #Rt3) 

MM=M 

KK  =  K 

N\-N 

LL=0 

DC  120  1=1 
DO  ICO  J=l,NN 
R( J)=0. 

DO  100  Kl=l ,KK 

ICO  k(J)=A{I,KI)*8{K1,J)+K(J) 

DO  110  J=1,NN 
110  C(I,J)=R(JI 

CALL  OVbftfL  (LC) 
bU  TO  { I30t  120  ,L0 
120  CCNiTINUt 
125  L=LL 

HhTHKN 
13C  LL  =  l 

GO  TO  125 
END 


SUHRCIJTINE  EIGEN  IA,E,G,NA,L) 
dimension  A(3,3) ,£{3,3) ,GI3 ) 
i= 

DC  no  1  =  1, N 
uU  100 

ICO  L(I,J»=0.0 
lie  l(I,I)=1.C 
E  N=0.0 
F\.?=0,0 
DU  1 30  1  =  1  ,N 
DO  170  J=1*N 
EN=FN*A( I , J) **2 
120  FN0=rN3+A( I , J) *•? 

130  FN:=f  rn-Aii  ,n»*2 

FN=rN* J.5*( 10. *»(-L  n 
IF  {FN0-FN)2<O,2AO,135 
135  OC  230  I=1,N 
DO  2  30  J=l,r. 

IF  (I-J)  nc, 730, 140 
140  IF  (AUfjn  150,730, 1 5:j 
150  H=A{ I ,I |-A{ J, Jl 

S  =  SUP.T(A(  I,  JJ**2<^0.25*;-3»R) 

T  =  ft(  I  ,n  +  A(  -j,  .1) 

CUSSu  =  0.5-»-0.?5«T/S 
C0ST»1  =  S0KT  (crsso) 

SINIH=SOftT( l.O-CCSSOl 
IF  (A(I,jn  160,230,1  /0 
160  SInTh=-SINTi 
170  A(  I  ,  n  =  0.  5*T  +  S 
A( J, j)=o,5*r-s 
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i 

! 


FN0’FN)-2.*IAII, Jl**?) 

A«I, JJsO.O 
00  220  K=l,K 
IF(I-K» Id0,205.ia0 
idO  IF  (J-K)  ISO. 200. 190 
ISO  ACI ,KI=AI I,K1*C0STM*AIJ,K)*SINTH 
A( J,K)=AI J.K)»CCSTH-A(K, n*SINTH 
A(K» J)=A( J.K) 

20C  A(K.n=A(I»K) 

205  T=tn,K) 

210  eiI,K)=tn.KI*CCSTH^F(  J.K)*SINrH 
220  fcC J.KI=-T»SINTH*E. J,K)»COSTH 
IF  (FNJ-FN)  240,240,230 
230  CONTINUE 
GO  TO  135 
240  00  280  1=1, N 

J=I 

00  260  K=I,N 

IFIA(J,J)*-A(K,K)  1250,260,260 
250  J=< 

260  CONTINUE 

G(I)=A( J,J) 

A(J,J)=A{I,n 
SUM=0.0 
00  2  70  M=l,fJ 
2  70  SUM=SU?'>E(  J,MM*2 
SUM=SO«T(SUMI 
00  280  M=l,N 
A{I,M)*E(  J,M»/SU>' 

280  e(j,Mi=cn,Mi 
UO  290  1  =  1, N 
U(J  2  90  J=l,N 
2S0  Ed,  J)=A{I,JI 
'IE  TURN 
END 


SUKROUTINt  OUTPUT 

COHMON  /ttl/N,W,CW,cTAl23,OELSH, 

1  SW(15),SMd5),SUd5),K(  15),KR(15},Y(  15), 

2  OELTAIIS) ,AMU(15),AMUSC( 15 ),SlGHAt I5),EIA(  15), 

3  YYd5),SIXXC  15),SIYY(  15),SI2ZC  15) 

4  XMOO(7),YMOO(7),ZMOO(7) 

COPMON  /B2/STAT,SHLDH,SUBH,TR0CH,TI8F,UPARL,F0ARL, 

1  CHESD,WAlSO,BUTTD,.CHESb,WAISB,HlPB,  AXlLC,ELi3C, 

2  WftlSC.FISTC, THlhC,GKNEC,ANKC,SPHYH,FOOTL, 

3  SITH,HEAOC 

COf^MON  /03/0<3,3),E(3,3),F(3,3i 

COMMON  /BA/IHET AC  1 5,2), SINT  1 15, 2), COST! 15, 2), 

1  a(3,3),0T(3,3),HC 15,3),X( 15,3),XCG{ 15,3,7), 

2  01(3, 3, 7) 

COMMON  /B5/ AlPHAC  3, 7 ) , 3cTA C  3, 7 ) , GAMMA ( 3, 7 ) .PMOVC  3, 7 ) 
COMMON  /B6/K,L1,L2 
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I 


I 


r 


5c- 


se^ 


m 


r 


IBS' 


C  t'UTPUT 

C<Ml  SLI lETCi *KCrOFX) 
bC  TU(200. ^rO» .KGCOFX 
2CC  wr<I  TC  { 6»?01 ;  Nt-M  »Ch  t  L I  /;i2  3 

201  F0I<K«T(3H1N=14,5X,3H  rt-F6.  1  ,  lOX,  3HCW  =  3Pfc  10.  I  #  5X, 

1  7HtrA123  --2nE9.  U 

WRITE  {6,202) 

2C?  FORMAT! IHO , 1 3X , 1  Hi , 14X , 1H2, 14X, lh3, lAX, 1H4, 14X, IH5, 
1  14X, IH6, 14X, Ih7) 

wRITC  (6,203) XMHD 

20}  FCKMAT(6H  XMCD  ,4X , 7 ( IPt 10 . 2, 5X ) ) 

^KIIC  l6,234)Yf^0C 

204  F0Ry.ATt6H  YVOO  ,  4X ,  7  (  IPE  10 . 2 , 5X  )  ) 

WRITE  (6,?05)/MGD 

205  rORMAT(6H  2NC0  , 4X , 7 ( 2PF 10. 1 , 5X  )  ) 

WRITE  (6,202) 

WRITE  (6,206) (01(1,1, K),K=l, 7) 

20o  FnkMAT(6h  IXX  ,4X ,  7  ( IPL 10  -  2,  t>X  )  ) 

WRIT)  (6,207) (Cl (2,2,K),k=1,7) 

207  F  jRMAr(6H  lYY  , 4X , 7 {  IPC 10. 2 , 5X  )  ) 

WRITE  (6,20b) (CI(3,3,K»,K=l,7) 

20?^  FGKMAT(6h  III  ,4X,7^  •'E10.2,5X)) 

WRITE  (6,2C2) 

WRITE  (6,209) (Cl (1 ,2,K) ,K=I,7) 

209  FuR<'^AT(6H  IXY  ,4X,7(  1PE10.2,5X)  ) 

WRilt  (6,21C)(CI{1,3,K),K=1,7) 

21C  fCRMAT(6h  1X2  , 4X , 7 ( IPt 10 . 2 , 5X  )  ) 
write  (6,211) (Cl (2,3,K),K=l,7) 

211  F0:RMAT(6H  IY2  ,  4X  ,  7  (  I  P£10 . 2 , 5X  )  ) 

WRITE  (6,202* 

WRITE  (6,212) (pyCM{l,K),K=l,7) 

212  F0RMAT(7H  I ,4X , 7 ( 1  PC 10. 2 , 5X ) ) 

rtRITF  (6,21 J) (PM0y(2,K) ,K=1 ,7) 

213  F{)RKAT(7h  PE'OM  2,4X  ,  7(  1PL10.2,  5X  )  ) 

WRITE  (6,214) (PyCM(3,K),K=l,7) 

214  F(JRMAT(  7H  PMOM  3,4X  ,  7(  IPEIO,  2, 5X  )  ) 

WRITE  (6,2C2) 

write  {6,215)(ALPH.*.(  l,K),K  =  i,7) 

215  F0KMAT(6Et  ALPHA  I .  ?X  ,  7(  IPE  10. 2, 5X  )  ) 
write  (6,216)  (HET  Ad,  K),K- 1,7) 

216  F0Rf'.AT(6H  6ETA  1 , 2X  ,  7  (  IPE  1 C  .  2,  5X  )  ) 
write  (6,217)  (OAPMAI  I  ,K  )  ,.K=l,7i 

217  FOKMAT{«H  (iAMMA  1 , 2  X  ,  7  {  1  PE  1 0 . 2 , 5X  )  ) 

WHITE  (6,202) 

WRITE  (6,2lo} { ALPHA! TiX ),K=l, f ) 

?!«  FCRV.AT(tiH  ALPHA  2 , 2  X  ,  ? -I  1  PL  1 C .  2 , 5X  )  ) 

WRITE  (6,21^^  (HE  rA(2,K)  ,K=l  ,7) 

219  FORr’ATIbH  LE'.a  ’  ,  2  x  ,  7  (  1  PE  10  .  ?  ,  5X  ) ) 

WRITE  (6,22t)  (GA•^^  A(  7  K  )  ,K=l,  7) 

22i'  FOKMATlbH  GAMMA  7 ,2X  ,  /  (IPE  10. 2 , 5X  >  ) 

WRITE  (6.202) 

ARiTt:  (6,22)  )  (ALPHA!  3,K),K=1,  7) 

221  FfJRKAdtiH  ALPHA  3 , 2X ,  7(  IPE  1 0 . 2 , 5X  )  ) 
write  (6,222) (EETA (3,K) ,K=1 ,7) 
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222  FUR^Ar(bH  frFfA  3,2X,  7(  IPS  I0.2t  5X  U 
wKi  It  (6*22  31  (0A^'MA(1,K  )  ,K=l,7J 

223  FORFATfbH  CAPMA  3 , 2 X , 7 ( 1 2E 10 . 2, 5X ) ! 
wRirS  (6, 22 A) 

224  FOKMAr {40MM.f NGfH  IN  INCHES,  MOMENT  OF  INERTIA  IN  , 

i  2RHSLUo-FT-rT, ANoLHS  IN  DEGREES-) 

0  3  RlTurn 

UNO 
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Af'PCNClX  H 


COMPUTER  PROORAM  GLICC  (FORTRAN  ID 


C  GUIDE  DESIGN  GgICE  Cf  CYf4A«IC  CEARAC TER  1ST  ICS  OF  MAN 

COMMON  W,  STAT  » SHLOUf  S'Jhh ,  T  ROCH,  T I  BH,  UPAKL  ,  FOARL  .  CHE  SU# 

1  WAISDit  UTTD,CMESQ,wMSB,HlPR,  AX  ILC,  ELRC,  W  U  SC, 

2  FI STC, THIHC,GKNEC,ANKC,S“HYE,F00TL, SITH.HEAOC 
COMMON  SW,SM,SL,R,RR, Y, delta, AMU, AMOSC, sigma, ETA, YY 
COMMON  SI XX,SI YY,SI Z/ 

common  ThETA,S!NT,CijM  ,  C,  E  ,  i- ,  U,  OT 
COMMON  H,X,XCG,CI 
CCMMCN  XMOO,2MCn,OtLSH 
COMMON  PSI ,PlXX,PIYy, PIZZ 
CQvmCN  IJ,K,KK, IP, N? 

Dl'-tN<;iON  SW(  15»,SM(15),SL(  l5),R(r:>»,R«(lS),Y(l5l, 

1  DELI AI !5) ,AMU( 15),AMUSL( 15  I, SIGMA! l5),tTA(15), 

2  YYIISI 

OIMOXSION  SIXXI 15),SIYY(15),SIZ2( 15> 

DIMENSION  THETA! 15 , 2 ) , S INT { 15 , 2  I ,CCST { 1 5, 2 ) 

C  0(1,3) ,6(3, 3) ,FC 3,3)  ARE  DUMMY  MATRICES 

DIMENSION  D(3,3) ,E(3,3),F{3,3).013, 3),0T( 3,3) 

DIMENSION  H(15,3),X( 15,3).XCGI I 5, 3 ) . C I C 3, 3 ) 

DIMcNSION  PERMAN ( 25,6 ) ,IA8LL( 10, 5,31), NP(5» 
read  r-jPUT  tape  2,99,  NP 
99  FORMAT  (515) 

00  I  n  =  i,?5 

I  READ  INPUT  lAPC  2,nO,(PtKMAN(II,Jj),JJ=l,6) 
lO:  FORMAT! A6 , E6. 1 , 1 HX , F 6 . 1 , 2A < , F6. I /30X , F6 . 1 , leX,r6. 1 1 
WRITE  OUTPUT  TAPF  3,101 
lOl  FORMAT! IHI) 

WRITE  OUTPU'  TAPE  3,102 

10/  F0RMAT(2H  . ,15X,15HGA/PHYSICS/5A-3,55X, 1H. ) 

WRITE  CUTPUT  TAPE  3,103 
193  FORMAT! lH8/2H0.,40X,8HTAfiLE  IvV2HB.,31X, 

1  2'.3HA.NfHRCPC“ErRIC  DATA  CF  MCDELS) 
w<ITF  CUTPUT  TAPE  3,10^ 

lOA  FjRMAT(2hB. ,1 5X, 30x, IOmPERCENT JLE , 30X, IH. ) 

WRITE  OUTPUT  TAPE  3,105,NP 
1C‘>.  FORMAT!?)!  .  ,25X,  16,41  10) 

WRITE  OUTPUT  TAPE  3,106 

10/  f ORRaTI IhO) 

Ufi  2  11  =  1,75 

?  wrUj^  output  tape  3,107,  IPERMAN!  I  I,  JJ),  JJ=1,6) 

IC7  FOkMATIEH  . ,1 TX, A6,4y,F5.1,4F10. I, 13X, 1H. ) 

WRITE  CUTPUI  ToPc  3,10*5 
10*-  E0R.-1AT(2HB,  ,1  7X,  ?4HwEIGHT  IN  13., 
i  22H  DIMENSIONS  IN  INCHES. /Ul) 
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00  10  IJ*2t0 
IP~C 


K=Pt«MAN( 1 , IJ» 


C  T  AT- 


'  Oi:  u  u  A  t^n  ^  t  <> 


SHLDH-P£i^MAN{3,  I J) 
SUHH=P68MAN<4, IJ) 
lKCCH*PfcKMAK(5,t J) 
TIHM=PE8MAN(6*IJ) 
UPA8LaPtRMAN(7, IJ) 
FGARL*PERMAK(8,!J| 
CMt  S0  =  PfcRPAM9,I 
IaAISDsPLKPAM  10*  IJI 
6UTTD*PfcRMAN{ll, IJ) 
CHcSB=PERMAN(12,IJ) 
WAISesPeKHAN(l3*IJ) 
HIPL=PEkMANC14. IJ) 
AXlLC=P6RMANa5,lJ) 
ELHC=PERHAN(16,IJ) 
hRISC=P£HPAN(l7, IJI 
FiSTCaPERMAMia,  I J) 
rHlHCap£«MAMl9,  IJ) 
GKM£C=PEKMAM20,I  J) 
ANKC=PERMANC?1, I J) 
SPHYH  =  PckMAM2?,  IJ) 
f  00TL-PfckMAM23»  IJ) 
SITH^PtRMANCpA,! J) 

HEAUCsPEKMAM 25, IJ) 

CALL  0:SIG‘4 
UU  10  Ksl,7 
IF  lK-7)7,6,6 
IP=1P+1 


K=K 


CALL  EULER 
CALL  MCOKOM 
lA6Le(l,lJ-l,iP)=XNC0 
TAHLc I?,I J-1,IP)=ZKCD 
TAbLEHtl  J-l,IP|  =  Cni,l) 
T ABLE (4, I J- 1, IP  1=0112,2) 
TARLEIS.I  J-l^iP)=CU3,3) 
T ACL  £  ( 6  ,  I  J- 1 ,  I P )  =C  I  (  1 , 3  ) 
table  <7,1 J-1, IP)  =  PSI 
IAHLEIB,! J-1,IP)=PIXX 
rAHLE(7,lJ-l,I?)=PlYy 
TA6L£{IC, I J-1 ,IP|=PIZ7 
GO  TO  10 
1  OC  9  KK=l,5 
rf  IP=IP>1 
K=n 


KK=KK 

CALL  EULhR 
CALL  MCDHOM 
TAHLECl,! J-l,IP)=XMCn 
I ABLEC2,I J-1, IP)=ZMGD 
lAELbC3,lJ-l,IP)=Cni,l) 
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FABll  (-3 , 1  J“l ,  IP)=CI  (  3f  i ) 

TAELh{6,lJ-l,lP)=Cni,3i 
TAHl  e  «  7, 1 J-l, IP)=PS! 

TAhLLid,i.!-l,IP»  =  PIXX 
rAHLEl9,lJ-l , 1P>=PIYY 
TABLE( 10, IJ-1, IP)=PIZZ 
9  coi>iriNut 
10  CONTINUE 

UO  20  JP=l,ll 
taiUTt  OUTPUT  TAPE  3,102 
DC  15  If«P  =  l,3 
1 P=3»( JP-1 ) ♦!«? 
wtrilE  OUTPUT  TAPE  3,  109,  IP 
IC9  i-fj-<MAT(2HA.  ,l5X,‘THPnSn  ION,  13) 

WRITE  OUTPUT  TAPE  3,11C 

110  F0KMAT(2HB. /I H  /2HB . , 22X, AHC .G, , fiX , EK T I A  TENSOR, 

1  11X,17EPRINCIPAL  MOMENTS, 9X, IH. ) 

WRITE  OUTPUT  TAPE  3,111 

111  F0RMAT(2H  .,15X,3H0/0,2X.IHX.5X,1H2,3X,3HIXX,3X,3HIYY, 

1  3<,3HI/Z,3X,3HIXZ,2X,5HTHETA,2X, 3HIXX, 3X, 3Hl YY, 

:  3X,3HI2Z,  lOX,  111,  J 

DO  12  JJ=1,5 

12  write  output  tape  3,112,NP( JJ), 

1  {TACLE(II,JJ,IP),1I=1,1C) 

112  F0RMAT12H  . , 1 5X , I  2 . F6 . 2 , F5 . 1 , 4F6. 2, F6. 1 , 3F6. 2, 9X, IH. I 
IF(JP-ll) 15,13,13 

13  WRITE  OUTPUT  TAPE  3,113 

ll.-«  FORMAT  {  2hO.  ,^5X,27^!ALL  POSITIONS  ARE  SYMMETRIC 

1  2DM  (IXY,IY2  AP.E  Z  ERU ) ,  23X  ,  IH.  / 

2  17X,30FX,Z  IN  INCHES,  IXX, lYY,  I2Z,  IXZ 

3  29H  IN  SLUG-rr-FT,  ThETA  IN  DcG., I IX, IH. ) 

GO  TO  23 

15  CONTINUE 

aRITE  OUTPUT  TAPE  3,113 
20  WRITE  OUTPUT  JAPE  3,101 
CALL  EXIT 

E  'JU 


SUBROUTINE  design 

COMMON  W,  ST  AT,SHLOH,SuHH,  I  ROCH , T I BH, UP ARL, FOARL ,CHLSD, 

1  WAISO, BUTTD,CHCSB, WAISB,HIPH, AX ILC, £L BC , WR I  SC , 

2  FiSTC,THlhC,GKNFC,ANKC,SPHYh,FCCTL, SlTh,HEAOC 
CO^f'CN  Sw,SM,SL,R,RR, Y, DELTA, AMU, AMUSQ, SIGMA, El  A, VY 
COMMON  SIXX,SIYY,SIZ2 

COMMON  THErA,Sl.NT,f'/:ST,C,.E,F,0,OT 
CUMMCN  b,X,XCG,CI 
COMMON  XMOD,/MGf),DLLSH 
COMMON  PSI,PIX<,PIYY,PIZZ 
COMMON  ZZ,K,KK, IP,NP 

OI'^LNSION  Sa{15)  ,SM(15)  ,SLI  15),R(  15),RR(  15),Y(  15), 

I  DELTA!  1 5),  AMU!  15)  .AM.USu!  15),  SIGMA!  15),ErAi  15)  , 
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o  n 


i  yY(i5) 

OIMENSIQ.ii  SIXXC15),SIYY(15),SUZC  151 
UI MENS! ON  ThETAt 15 , 2 } , S t NT { 15 , 2 ) , COST { 15,2) 

‘"E  DUMMY  M4TR1CI-S 

-.  .w.Yj.w.,  5, 31, 0(3, 3), GT (3. 3) 

TwGPI=?.*PI 

Cl=PI/i. 

C2=62.427/1728. 

4PPl'v'*<.!IjStI:  ^’<E>’»0P0«ETRIC  DIMENSIOriS 

I  I  eouaticn  to  subject  height 

1  HN  I  =  (  •47*W)  •♦•12. 

BUa=( .0d*W)-2,9 
8F0=( .04*wl*.5 
8H=(.0l*»i)  +  .7 
HUL=( .l8*W|+3.2 
SLL*(.11*W)-1.9 
ep=( .02«W)+1.5 

HOI  FF  =  jv-(  HNT4-BU4-fBf:c+Sh*-BUL'*-8LL'*'0F ) 

Wii  =  WL;  IFF  /  (HNT*8UA  +  6r046H»BUL  +  BLL  +  bF ) 

w.^i  =1  .♦wi^ 

DIST^iaUTE  hDIFF  PROPORTIONALLY  CVfcR  ALL  SEGMENTS 

2  SH  (  i  )  =.C79*Vi 

SW23=HNT*WR1-SW( 1 ) 

Sh(4)=H»i*WRI/2. 

SW{6)  =GUA«V«k1/2, 

S»«(rf)  =aF0*HRl/2. 

Sh{1C)=bUL»HR1/2. 

S«(12 J=BLL*WRl/2. 

SH( l4)=tiF*Hkl/2. 

Ot'/LLORMfcNr  CF  HF AO 

3  i=l 

R(  I  )  =  lSTAT-S0tUH)/2. 

KK(I )=HtAOC/THnPI 

OtLTA(n  =  SH(I  )/««(!  )/KR{  n/Cl/4./R(  I) 

SL( I )=2.*K{ i) 
cTAC I )=.5 
Y(  I  ) =R(  1) 

OEYtLOPMENT  OF  TRUNK 
'♦  SL(2  )=SHLOH-SUbH 

SL'3 )=SlrH-|STAT~SUBH) 

H( 2) =CHlS3/2m 
K(3)=HIPH/2. 

RH{2  )  =  (CHESL^WAISD)/4. 

RR(3)=( wAISL+6UTTD)/4. 

CIA(2)=.5 

fcTA(3)=LTA(2) 

Y(2)=.5»SL(2) 

Y(3)=.5*SL( 3) 

DELTA(2)  =  S»,?3/MI/(R(2)  *RR(2)*SL(2) 

I  ♦■1.01/.92*R(3)*Rr(  5|»5E{  3) ) 

Ut LT A ( 3)=1.01/.92*0ELTa(2) 

Sw(£  )sUCLTA(2  )*R(2‘*R'<(2)«SL(2)*PI 
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SWC3)=nELTA{3)*KO)  *RKm*SLC3)*PI 

OEVLLOPMcNT  OF  HANDS 

1=4 

5  Ki  n  =M  SIC/  1  WCPI 
RK ( n  =K { I) 

SL(  n=2.«RR(  I  ) 

ETA( !  )=.5 

Y(n=FfA(n«sLin 
SWd  )=SW(4) 

UELTAdi^SWf  n/Cl/R(  I  )/R(  n/K(  I  )/4. 
lJ=I-3 

1=5 

GO  TO  (5t6)  ,  IJ 
DEVELOPMENT  OF  UPPER  ARM 

6  IJ  =  1 
I  =6 

Rd  )=AXILC/TWQPI 
RHd  )=ELBC/TWOPI 
SLd  »=UPARL 
GO  TO  20 

development  of  FOREARM 
d  IJ=2 
I=d 

Rd)  =eLbC/T».CPI 
RRd  )=WRISC/TwCPI 
SLd  )=F0ARL 
GO  TO  20 

DEVELOPMENT  OF  UPPER  LEG 
10  IJ  =  3 
1=10 

Kd  l=THrHC/TwOPI 
RRCI )=iKNeC/TwCPI 
SLd  l=STAT-SI  TH-TIHH 
GO  TO  20 

OEVELOP.’E.tT  OF  LOWER  LEG 
12  IJ=4 
1  =  12 

Rd  )=GKNEC/TWfJPI 
KRd  )=Ar4KC/TwOPI 
SLd  l  =  rit5H-SPHYH 

20  G  =  Ri  I  )  »Kd  )+R  d  J  *RR(  I  l+KRC  I  )*RHd  ) 

OELTAC  n  =  S«d  )/Cl/SL(  d/G 
AMu(  I  )=RR(  n/R(  n 
AMUSOd  )  =  AMU(  I  )  •AMU(  I  J 
SIGM.Ad  )  =  1.+AMU{  I  dAMUSOC  I  I 

h  I  ACI  )  =  d.+2.  *Ayu(  I  >  +  3.«AMUSC{  I  )  ) /SIGMA  I  I  »/4. 
Yd  }=ETA{  I  J  «SLd  ) 

GO  TC  (f),lC,12,l4),I. 
uuVcLOPMtNT  OF  FEET 
14  1=14 

SLd  )=»-(:UTL 
EfAl I )=.429 

Yd  )=lta(  n  *sl(  n 

G=l.--?.  «ETAn  I+SORTFI  ET  A(  n  *ETAf  I  J 


I 


I  *(-12.  )4l?.«»LTAm-2.  I 

AMU(i)=(4.*tTA(n-l.»/G 
AHUSwCi  i  =  AHUC  n*Ahu(  I  I 
SIG«a(I  )*l.4AMU(  n  +  AMUSQd) 

K( I i =SHHYH/2. 

Rr<(i  }3Ahu(  I  )*R{  i ) 

G-«(  I  )*R(  n+Rd  »*RK(  I  )  +  RR(  I)  *RR(  n 
l)fcLTAd)*SW(d/Cl/SL(  I)/G 

30  on  31  1=7,15,2 
Si<d  )=Sw(  I-d 
0£tTAd)=0£:LTACI-l) 

RCn=Rd-l) 

RRd  )=KR(  I-ll 
SLd  »=SL(  i-n 
AMU{  n=AMU(  III 
AMUSCd  l  =  ArtOSa(  I-l  ) 

SKiHAC;  1  =  SIGMACI-1> 

ETA(  n=tfA(  1-1) 

31  Y(n=Yd-i) 

4J  0(j  41  1=1,5 

Af>!U(  n=o. 

AMUSOCI )=0. 

41  SIGMA  d)=0. 

C  C^LCOLATE  segment  MASS,  MASS  DENSITY,  AND  SUM  OF  SWd) 

50  i)(J  il  1  =  1,15 
SMd  )=Sw(  n/32.2 

51  OELTAd  )  =  OcLTA(  1 1/32.2 

C  DEFINE  DISTANCES  OF  LOCAL  CG  FROM  HINGE  POINT 

UELSHnSI  rH-{STAr-TKC»CH) 

00  60  1=1,15 
60  YYd)=Yd) 

YY(6)  =  ir(6)-R(6) 

YYdO)=YdO)4DELSM 

VYd4)=0. 

00  61  1=7,15,4 
6!  YYd)=YY(I-l) 

C  OfcTcKMlNE  FIXED  HINGE  POI.NTS 

DO  67  1=1,15 
DO  67  J=l,5 
67  Hd, J)=0. 

H(6,2)=CHeSC/2.4RC6) 

H!6,3)=SrAT-SHL0H4r<(6) 

H( 10,2)=HlP«/2.-R( 10) 

H( 10,3)=SL( n4SL(2)4SL( ^l-DELSH 
00  60  1=7,11,4 
M(I,2)=-H{I-1,21 
6.3  H(  I,  3)=H(  1-1,3) 

C  OETCRMINATICN  CF  LOCAL  MOMENTS  OF  INERTIA  OF  SEGMENTS 

c  head 

71  1=1 

SIXXI I )=.2*SM( I )*(R( I )*H( I )4RR(  I  )*RRC I ) ) 
SIYY(I)=SIXX(I) 

SI  /Zd)=.4*SM|  I  )*RR(  I  )*RR(  I  ) 

C  UPPt«i  TORSO  AND  LOV-LR  TORSO 
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on  72  1=2,3 

sixx(  I  )=SM{  I  »•{  5.  «H»  i  »»Ki  n+SL«  n*sn  n  1/12. 
siYY(  n=SM<  n  *(  i,*nR(  I  )*aR{  I  MSI  {  n*SL  ( I )  )/i2. 

7?  SiZZ  ( i  MSMi  i ,  •(  RKil  )  •HK{  IMKU  )*RC  I  n/4. 

C  HANDS 

74  1=4 

sixx(  n=.4*s»'(  n*R{  I )  •?(!) 

SIYY(  n=SIXX{  1  ) 

Sfzz{  n=sixx(  1 1 

C  UPPLR  and  LCKCR  arms  and  LtGS,  AND  FELT 
76  un  62  1=6,14,2 

AA=9.*(  l.+AMUt  I  }^AMUSU(  H*!  l.  +  AMU(  i  >+AMUSC‘(  I  I)  » 

1  /SIGMA(n/SIGMA(  M/20./Pi 

rt»  =  3.  *(  1,<'4.*A»»U(  I  MAMUSGt  I  )•(  10«<^4.*AMIJ(  I  MAMUSOt  I  M  ) 
1  /sigmacd/sigmam./gc. 

SI  XXI  I>=S“I  I  M(  AA*SP{  I  I/DtLTA(  D/SL  (  I  MGB^SLI  I  »*SL(  1)  ) 
SIYY I  I >=SIXX{ I  ) 

d?  sizzi  n=2.*sy(  n*s»'(  i  maa/deltai  i  i/slc  n 
C  COMPlEFb  Rl-’^AINOER  OF  SEGME<'4TS 

DO  120  1=5, 15,2 
SUX(  iMSiXXC  MU 
SIYY(n=SIYY{Mll 
123  SIZZII  MSIZZI  I-l  I 
RETURN 
END 


SUHKGUTINfc  lULER 

COMMON  W,STAT,SHLOH,SUHti,TRnCH,T  I8H,UPAftL,F0ARL,CHbSD, 

1  WAISO,fiUTTO,CHESB,kAISB,HlPB, AX ILC, EL 0C , WR 1  SC , 

2  FISTC, TH!HC,GKNEC,ANKC,SPHYH,FGCTL,SITH,HFAOC 
COMMON  SW, SM, SL, R,RR,Y, DELTA, AMU, AMUSO, SIGMA, El  A, YY 
COMMON  SI XX,SIYY,SIZ / 

COMMON  THETA,SINT,CCST,D,E,F,0,0T 
COVMON  H,X,XCG,CI 
COMMON  XMOO,ZMCC,OELSF 
COMMON  PSI,MIXX,PIYY,PIZZ 
COMMON  IJ,K,KK,IP,NP 

DIMENSION  Sr(15),SM(l5l,SLC 15),RI 15) ,RR(15),Y( 15), 

1  DELTA! 15) , AMU! 15) , AMUSC! 15) ,SIGMA! 15),LTA(15), 

2  YY!15) 

DIMENSION  SIXX! 15), SIYY! 15) ,SIZZ! 15) 

DIMENSION  THETAIIS,?) , S I NT ! 1 5 , 2 ) , COST ! 1 5 , 2 ) 

DIMENSION  D!3,3) ,L!3,3),F! 3,3),0!3, 3),0T! 3, 3) 
dimension  lf!15, 3),X(  15,  3),XCG(  15,  3  ) ,  C I !  3,  3  ) 

PI=3. 1415927 
C3=Pl /IsO. 

DO  1  f=l,l5 
CO  1  J=l,2 
THETA! I ,J)=C. 

SINT  !1 , J)=C. 

I  cnsf(l,J)=o. 

K  =  K 
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GO  TO  {2.3f5,7,9,ll,lil#K 

ARMS  AT  ATTENTION 

K*l 

2  GO  TO  18 

ARMS  OIKfcCTLY  CVER  HEAD 
K«2 

3  DO  4  1=4*9 

4  THETAd, 11  =  180. •C3 
GO  TO  18 

ARMS  SPREAD  IN  CRUCIFORM  POSITION 
K=3 

5  00  6  1*5, 9, 2 
THETAd  ,1)  =-90.  *03 

6  thlTac i-i,u=-th£:tai i,n 

GO  TO  18 

ARMS  EXTENOCC  IN  FRONT  OF  BODY 
K»4 

7  00  8  1=4,9 
00  b  J=l,2 

8  THCTAI I ,JJ=90.«C3 
GO  TO  18 

ARMS  BENT  9C  AT  ELBOW,  FOREARMS  IN  FRONT  OF  BODY 

K  =  G 

9  DO  10  1=5, 9, 4 
00  10  J=l,2 
THETAd,  J>  =  90.»C3 

10  THhl  Ad-i,J)  =  THETAd,  J) 

GO  TO  U 

UPPER  ARMS  AT  SHOULDER  LEVEL,  FOREARMS  EXTENDED  IN  FRO 
K  =  6 

11  00  12  1=5, 9,4 
on  12  j=i,? 

THEI  Ad,  J)  =  9n.*C3 
I?  THcTAd-1  ,  J  MThETACI,  J) 

THcTA(6, 11=90. *03 
THbTA(7,l 1=-THuTA(6,1 > 

GC  IG  15 

special  position 

K=  / 


1  3 

UC  14  I =4 , 5 

IMbTAC  1,1 )=oO. 

•  C3 

14 

THETAd  ,2)=9C. 

*C3 

00  15  1=8, ll 

TMblAI I,l)=bO. 

•C3 

1*'> 

THtlAI I ,21=90. 

•  C3 

DO  16  1=12,13 

TnHTftd,ll  =  12. 

•  C3 

J.C 

THCT A( 1,21=90. 

*C3 

DG  17  1=14,15 

CU  17  1  =  1,2 

1  / 

frlcT  Ad  ,  J)  =  vr. 

•C3 

^0  rn  31 

1- 

KK=KK 

GO  TO  d9, 21  ,23, 25,281, KK 
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C  STANDING 

C  KK  =  l 

19  DU  ^0  I  =  l4t 15 
DO  20  J=l,2 

20  THETA! I , J)=90,*C1 
GO  TC  31 

C  KNELLING 

f.  KK=2 

21  DO  22  1=12,  13 
THETA! I , 1 )=9C.»C3 

2?  THETA!I,2)=-90.*C3 
GO  TO  31 
f,  SITTING 

C  KK  =  3 

23  DO  2A  1=11,15,4 
DO  24  J=l,2 
THETA!  I,JM90.«C3 

24  THETA!I-1,J)=THETA! I, J) 

GO  TO  31 

C  SITTING,  LEGS  EXTENDED  FORWARD 

C  KK=4 

25  DO  26  1=10,13 
DO  26  J=l,2 

26  THETA! I ,J)=90.«C3 
DO  27  1=14,15 

27  THETA!I,1 )=180.*C3 
GO  TiJ  31 

C  STANDING,  LEGS  AT  30  DEGREES 

C  KK  =  5 

28  DO  29  1=11,13,2 
TrtETA!I,l)s-30.»C3 

29  THETA! 1-1,1  |=-THETA!I ,11 
DO  30  1=14,15 

DU  30  J=l,2 

30  THETA!!, J)=9C.*C3 

31  DO  32  11=1,15 
UU  32  JJ=l,2 

SINT  « 1 1 , JJ)=SINF!THETA! 1 1, JJI) 

32  COST! II ,JJ)=COSFI THETA! II, JJ)  ) 
RETURN 

END 


SUBROUTINE 

COMMON  w,STAT,SHLDH,SUDH,TROCH,TIBH,URARL,FUARL,CHESO, 

1  WA1SD,«3UTTD  ,CHES«,WAISB,HIPB,  AXILC,ELHC,  WRISC, 

2  FI  STC,  THlHC,GKNEC,AiNKC,SPHYH,FOOTL,SITH,HEAOC 
COMMON  SW,SM,SL,R,RR,Y,D£LTA, AMU, AMUSO, S I GM A , E T A, YY 
COMMON  S1XX,SIYY,SIZZ 

COMMON  TheTA,SINT,COST,D,E,F,C,OT 
COMMON  H,X,XCG,CI 
COMMON  XM00,2MCD,0ELSH 
COMMON  PSI,P!XX,PIYY,PIZZ 
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COHMON  i J|K»KK, IP,NP 

DIMENSION  ShllS) ,SM{ 15),SLl IS),R( ISIfRRI 15),Y( 15J, 

1  DCLTAC 151. AMU ( IS ) , AMUSOI 1 5 ) f S IGMAC Ifl ,CTAC 15) , 

2  YY(15) 

D! MENS! UN  S  !XX( 15 ) * S I YY { 15 ! , S 1 22 1  15 ) 

DIMENSION  THETA! 15, 2 1, SINK  15, 2), COST! 15,  2) 

D!3,3),E(3,3),F!3,3)  ARE  DUMMY  MATRICES 
DIMENSION  D(3,3),E( 3,3),F! 3,3),0!3,3),0T!3,3) 
DIMENSION  H(15,3),X(15,3),XCG( 15, 3) ,CI ( 3, 3) 

PI^3. 1415927 
C3*PI/180, 

ZERO  DUMMY  MATRICES  D,E,F 
DO  1  11=1,3 
DO  I  JJ=1,3 
D!II,JJ)=0. 

E(1I ,  JJ)=0. 

1  F(II,JJ)=0. 

ZERO  C.O.  ARRAY 
DO  2  1=1,15 

UO  2  J=l,3 

2  X(I,J)=0. 

ZERO  THE  INERTIA  TENSOR  ARRAY 
DO  3  11=1,3 
UO  3  JJ=l,3 

3  CI(II,JJ)=0. 

CALCULATE  HINGE  POINTS  OF  MOVEABLE  SEGMENTS 
FOREARMS 
DO  9  1=8,9 
G=SLC I~2)-RII-?) 

E(l,l)*SINT(I-2,U«SINF{I-?,2) 

Ei2,l)=SINTCl*2,l)*C0STCI-2,2) 

6(3, »  )*COSTII-'2,l) 

DO  9  J*I,3 

9  HCI, J)«HC!-2,JKE(J,1)*G 
LOWER  l.EGS 
DO  10  1=12,13 
G=SL( I-2)+0CLSh 
E(l,l)=SINT(I-2,l)*SINT(I-2r2) 

6(2, I »=SI NT (1-2,1) •COST! 1-2,2) 

Ei3,i )=C0ST(I-2,1) 

UO  10  J=l,3 

10  H(I, J)=H( 1-2, Jl+CI J,1 )«G 
HANDS 

DC  ll  1=4,5 
G=SL(I<4) 

E(1,1)*SINT(K4,1)*SINT(K4,2) 

E(2,l  )  =  SINT(K4,1)«C0ST(  K4,2) 

£(3,  1  )=C0ST(K4,1) 

DO  11  J=l,3 

11  H(l,  J)=H(K4,J}^E(J,l)»G 

FEET 

DC  12  1=14,15 

G=SL(I-2)^.5*SPHYH 

E(l,l)=SINT(I-2,l)*SINT(I-2,2) 
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E  ( 2»  n  =  Sl Nrn-2,1)  •COST  (  1-2,2) 

E(3.1l=COST(I-2,U 

DO  12  J=l,3 

12  H{I, J)=H‘ 1-2* JJ^Et 

C  DETERMINE  CfORO  OF  LOCAL  CG  hRT  TOP  OF  HEAD 
X{l,3)=Y(l) 

X(2,3)  =  SLin  +  Y(2) 

X(3,3)=SL(1)^SL(2}*Y( 3) 

DO  13  1=4,15 
G=YY (1) 

F(1,1)=SINT(I,1)*SINT(I,2) 
F(2,l)=SINT(I,l)»COST( 1,2) 

Fl3,l)=COST(I,l) 

DO  13  J=l,3 

13  X(:,J)=H(I,J)4F(J,l)*G 
XMijD=2.144323^0.1521S04*WAIS0 
XREr=XMOD 

ZMCD -C. 

DO  14  1=1,15 
XMQ0=XM004SM( I ) •XI I , 1 )/M 

14  ZMCD=ZH0C4Smi)«XII,3)/W 

C  DETERMINE  CCORO  CF  SEGMENT  CG  WRT  CALC  CG 

DO  15  1=1,15 

XCGI I,1)*X(  I,l)-(XMOD-XREF) 

XCG( I  ,2)=X( 1,2) 

15  XCGI  I  ,3)=X(  U3)-ZMCO 
DO  30  1=1,15 

C  ARRANGE  LOCAL  MOMENTS  INTO  DUMMY  MATRIX  (3X3) 

DO  24  11=1,3 
DO  24  JJ=1,3 

24  0(II,JJ)=0. 

0(1,1 )=S1XX(I) 

Ot2,2)=S!YYn) 

0(3,3)=SIZZ(I ) 

C  ARRANGE  TRANSFORMATION  MATRIX 

25  0{1,1;=C0ST(I,2) 

0^1*?)=SINT(I,2)*C0ST(I,1) 

C(l,3;=SiNf 11,2) *SINT( 1,1) 

0(2, 1  )=-SIWTn  ,2) 

o(2,2)=cost: :,r) •COST ( 1,1) 

0(2,3)=C0ST(I.,2)*SINTCi,l) 

C(3,l)=0. 

0(3,2)=-SINT(I,l) 

C(3,3)=COST(I,l) 

C  TRANSPOSE  THE  TRANSFORMATION  MATRIX 

26  Of ei,l)=0(l,l) 

0T(l,2)=0(2,l) 

0r(l,3)=0(3,l) 

0T(2,1)=0(1,2) 

‘:T(2,2)=0(2,2) 

0T(2,3)=0(3,2) 

0T(3,n=0(l,3) 

OT(3,2)=Oi2,3) 

GT(3,3)=0(3,3) 


H-ll 


(~i  n  n  n  o  on 


CALL  HMMPY(L,QT,E,3,3,3,LM) 

CALL  H«MPY(C,6,F,3,3,3,LM» 

F(3,3)  IS  LCCAL  MOMfriT  RCTArCO  PARALLEL  Tu  BODY  AXES 

tkansflr  to  calc  cg  by  parallel  axis  theokew 

01 1,1 )=XCG{ !,2}«XCGt i,2f«XCGC i,3i*XCG( I,3» 

D(  l,?)=-XCG(I,n»XCGC  1,2) 

D(l,3)=-XCG(I,l)*XCGC 1,3) 

0(2,  ;  )=^0{  1,2) 

0(2,2 )-XCG( 1,1) •XCG( 1 , 1)^XCG( 1 , 3 ) •XCGI 1 , 3 ) 
D(2,3)=-XCG(I,2)*XCG( I  3) 

0(3, 1 )>0{ 1,3) 

0(3,2)=D(2,3) 

0(3,3)=XCG( I,1)«XCG( I,1)^XCG( I,2)*XCG( 1,2) 

00  30  11=1,3 
DO  30  JJ=1,3 

0(11 ,JJ)=SM( I) *0(11,33)/ 144. 

Fill, J3)=F( n,33)/l44. 

30  Cl  (I  I  ,33)=C  n  n  ,33)*0(I  I,.33)^F(  11,33) 

CALCULATE  PRINCIPAL  AXES  AND  PRINCIPAL  MOMENTS 
PSI  =  .5*ATANFI-2.*CI(1,3)/(CI(1,1)-Ci;  3,3)) ) 

PIXX  =  Cni,l)*COSF(PSI  )*COSF(PSI  )*CI  (3,3)»SI\‘F(PSI  ) 

I  *SINF(PSI)-2.*CI (1,3)*SINF{PS1 )*COSFCPSI  ) 

PIYYsCI (2,2) 

PIZ/  =  CI  ( 1,1  )*SINF(PSI  )*SlNF(PSn*CI(  3,  3)*C0SF(PSI ) 

I  *C0SF(PSI)*2.*CI (1,3)*SINF(PS! )*COSF(PSn 

PSI=PSI/C3 

IF(PIXX-PI2Z)31,32,3? 

31  G=PIXX 
PIXX  =  PUZ 
PIZZ=G 
PSI=90.+PSI 

32  RETURN 
END 


HPMPY  MATRIX  MULTIPLICATION,  SINGLE  PRECISION,  FL.  PT. 

CALLING  SEQUENCE... 

CALL  HMMPY( A,B,C,M,K,N,L ) 

WHERE  C(M,N)*A(H,K)*FCK,N) 

(C  MAY  BE  A,  IN  WHICH  CASE  A  IS  DESTROYED) 

L=0  INDICATES  OK 
L»l  INDICATES  FL.  PT.  OVERFLOW 
SUBROUTINE  HMMPY( A,b,C,M,K,N,L) 

DIMENSION  A(3,3),B(3,3),C(3,3),R(3) 

MM=N 
KK  =  K 
NN=N 
LL=0 

00  120  1=1, MM 
DO  100  3=1, AN 
R(3)=0. 

00  100  Kl=l,KK 

ICC  R(3)=A(1,KI)*BIK1,-|)  ^RI3) 


h-12 


b(l  no  J=l,\N 
lie  cnfj)=R(j» 

II-  ACCUMULATOR  CVERFLL'v.  130,120 
1?0  CUNIINUL 
125  L=LL 

no  LL^l 

liO  lU  125 
h‘4li 
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hS  ABSTPACT  .  j  , 

A  mathematical  model  for  predicting  the  inertial  properties  of  a  human  body  in 
various  positions  has  been  developed.  Twenty-five  standard  anthropometric  dimen¬ 
sions  are  used  in  the  model  to  predict  an  individual’s  center  of  gravity,  moments 
and  products  of  inertia,  principai  moments,  and  principal  axes.  The  validity  of  the 
model  was  tested  by  comparing  its  predictions  with  experimental  data  from  66  sub¬ 
jects.  The  center  of  gravity  was  generally  predicted  within  0.7  iiiches  and  moments 
of  inertia  within  10  percent.  The  principal  vertical  axis  was  found  to  deviate  from 
the  longitudinal  axis  of  the  body  by  as  much  as  50  degrees,  depending  on  the  body 
position  assumed.  A  generalized  computer  program  to  calculate  the  inertial  proper¬ 
ties  of  a  siibject  in  any  body  position  is  presented.  The  inertial  properties  of  five 
composite  subjects  iu  each  of  31  body  positions  is  offered  as  a  design  guide.  iBM 
7094  digital  computer  programs  are  appended. 
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14 

Line 

2 

Eq  (2g)  should  read: 

DELTA  = 

3  SW 

4  R  (RrFTi 

15 

13 

Eq  (3j)  should  read: 

SIXX  = 

SM  (  3{Rf  +  (SL)"  ) 

12 

15 

14 

Eq  (3k)  should  read: 

SlYY  = 

SM  (  3  (RR)^  +  (SL)2 ) 

12 

15 

15 

Eq  (31)  should  read: 

SIZZ  = 

SM  (  (K)^  (RR)^  ) 

4 

16 

8 

Eq  (4i)  should  read: 

SIXX  = 

'same  as  Eq  (3j)  above’ 

16 

9 

Eq  (4j)  should  read: 

SIYY  = 

[same  as  Eq  (3k)  above] 

16 

10 

Eq  (4k)  should  read: 

SIZZ  - 

[same  as  Eq  (31)  above  j 

19 

10 

£q  (7a)  should  read: 

R  = 

ELBC 

2  PI 

29 

19 

Delete  "The  Y  location  of  the  center  of  gravity. 

YNAA,  is’’  and  insert  "The  Z  location  of  the  center 
of  gravity,  ZNAA,  is" 


56  —  TABLE  IV,  entry  for  WAISB  under  75%,  delete  "  10.2" 

and  'nsert  "11.2" 

A-2  34  Delete  "(Ref  27:35)"  and  insert  "(Ref  27:58)" 

B-1  35  Units  for  DELTA(I).  delete  "SLUG/IN-IN-IN"  and 

insert  "LB/IN-IN-IN" 
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